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Introduction 
Or how to find the information you need 



The European CMOS Data Manuals Volumes 1 , 2 and 3 contain all the relevant data 
required to design and use Motorola CMOS Functions. The first two volumes replace 
the European CMOS Selection Data Book which was published in 1979. 



Volume 1 contains data on Standard Logic which is defined as the following functions: 

— NAND / NOR / AND / OR / Complex Gates 

— Inverters / Buffers / Level Translators 

— Schmitt Triggers 

— Flip Flops / Latches 

— Shift Registers 

— Counters 

— Adders / Comparators 

— Parity Generators / Checkers 

— ALU's / Rate Multipliers 

— Encoders / Decoders 

— Multiplexers / Demultiplexers / Bilateral Switches 

— Multivibrators / Oscillators / Timers 



Volume 2 contains data on Special Functions which are defined as the following 
functions: 

— PLL Frequency Synthesizers 

— Display Decoders / Drivers 

— A/D, D/A Converters / Logic Functions 

— Operational Amplifiers / Comparators 

— Remote Control Functions 

— Radio / TV Functions 

— Miscellaneous Functions 



Volume 3 contains data on High Speed CMOS. 

Telecommunications functions are listed in the Selection Guide but data is to be found 
in the Telecommunications Data Manual. 

Microprocessors and peripherals are listed in the Selection Guide, but data is to be 
found in the Microprocessors Data Manuals (8 and 16-Bit). 

Memories are also listed in the Selection Guide. This book contains data on the smaller 
memories. The data for larger memories is to be found in the Memory Data Manual. See 
the selector guides for details. 
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The contents of each section of this book are: 

1. SELECTION GUIDES 

Ordering Information (page 1-2) — defines the numbering system and suffixes and 
gives details of processing options. 

Selection Guide by Part Number (page 1 -4) — contains a human alphanumeric 
listing of all functions with details of suffixes and pins, and where to find detailed 
technical data. This section can also be used as a cross reference to find 
equivalents for other suppliers' functions. 

Selection Guide by Function (page 1-12) — lists all devices which are capable of 
performing broadly defined functions, and where to find detailed technical data. 

PLL Frequency Synthesizer Selector Tables (page 1-15) — give comparative data 
for key characteristics of PLL Frequency Synthesizers. 

HSCMOS Selector Guide (page 1-16) — gives key family characteristics and order- 
ing information. Lists devices by function and shows equivalent LSTTL and CMOS 
functions. 

Gate Arrays (page 1 -23) — a brief outline of the MOS Gate Arrays and the design 
system. 



2. DATA SHEETS 

Technical data for all special functions. Where parts are still at the design and 
development stage, then the data consists of either Product Previews or Advance 
Information. 



3. MECHANICAL DATA 

Package dimensions for all devices in this book. 



4. HANDLING PRECAUTIONS 

The static and latch-up problems associated with MOS are now well understood. 
This section lists the precautions to be taken during shipment, assembly and test to 
avoid these problems. It is recommended that this section be read thoroughly. 



5. RELIABILITY AND QUALITY ASSURANCE 

This section describes the key elements of Motorola's reliability and quality 
assurance activities, and gives the results of the 1982 tests. 



6. PUBLICATIONS / APPLICATIONS 

Lists the publications available from Motorola Semiconductors. 

On the back cover, there is a list of Motorola Sales Offices and Distributors. 
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Selection 
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Ordering Information 



STANDARD PRODUCTS 



MC14001B AL 

~E denotes — 



Operating Voltage Range 
Operating Temperature Range 
Package Material 



denotes Function 



SUFFIXES 

AL 3 to 1 8 V, -55 to + 1 25°C, Ceramic Package 

CL 3 to 1 8 V, -40 to + 85°C, Ceramic Package 

CP 3 to 18 V, -40 to +85°C, Plastic Package 

L Limited Voltage Range, Limited Temperature Range, Ceramic Package 

P Limited Voltage Range, Limited Temperature Range, Plastic Package 

EFL 3 to 18 V, -55 to +1 25°C, Ceramic Package 

FL 3 to 1 8 V, -40 to + 85°C, Ceramic Package 

FP 3 to 18 V, -40 to +85°C, Plastic Package 

EVL 3 to 6 V, - 55 to + 1 25°C, Ceramic Package 

VL 3 to 6 V, —40 to + 85°C, Ceramic Package 

VP 3 to 6 V, -40 to +85°C, Plastic Package 

Z Limited Voltage Range, Limited Temperature Range, Leadless Chip Carrier 



OPTIONS 

1. Burn-in 

Motorola CMOS integrated circuits are manufactured under strict quality control. In- 
process screens and tight out-going inspection result in a high order of quality and 
reliability. 

In addition, Burn-in is an option available on all CMOS packaged products. The 
benefits of this option are: 

— reduced infant mortality (typically 0.2% of the product is screened out); 

— reduced board and system rework; 

— reduced equipment downtime; 

— reduced field failures. 



Additional processing of these burnt-in circuits is as follows: 



Normal Flow 

Electrical 
Test 

Mark 

Outgoing 

quality 

control 

sample 

electrical 

test 



Burn-In Device Flow 

Electrical 
Test 

Mark 

Burn-in 

Electrical 
Test. D.C. 
Parameters 
at 25°C 



Outgoing quality 



I 



control sample 
electrical test 



Motorola Burn-in is performed under the following conditions: 



V D D 

Temperature 

Time 

Bias 



1 5 V 

1 25°C ambient 
1 68 hours 

Dynamic for Memories and Analog Circuits, Static for 
all others 



Ordering Information: 

The Burn-in option is selected by adding the suffix D to the part number, for example: 

MC1 4001 BALD 



2. Chips and Wafers 

Chips and wafers are available for all CMOS types. For further information, consult your 
Motorola Sales Office or authorized Motorola Distributor. 



3. HI-REL 

Various options are available, including parts qualified to BS9000, CECC and MIL 
STD883B Class B type processed. For further information, consult your Motorola Sales 
Office or authorized Motorola Distributor. 
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Selection Guide by Part Number 























Device 


Function 


Suffix 


Pins 


Page 


MC54HCXXX 


1 |; |_ f~* 1 /"* ft A - 


J 




i — i 
LJ 


MC68HC04P2 




L,P,Z 


28 


x 


MC68HC04P3 


8-Bit CMOS Microcomputer EPROM 


L,P,Z 


28 


X 


MC68HC05C4 




L,P,Z 


40 


X 


MC68HC09E 




L,P,Z 


40 


X 


MC74HCXXX 


High Speed CMOS Series 


J,N 




□ 


MC6172 


2400 Baud DPSK Modulator 


L,P 


24 


• 


MC6173 




L,P 


24 


• 


MC6220 


4-Bit Microcomputer with PLL Frequency 










Synthesizer (NMOS Device) 


P 


28 




MC6860 




L,P 


24 


• 


MC6862 










MC1 4000UB 


Dual 3-lnout NOR Gate Plus Inverter 


AL CL CP 


14 




MC14001B 


Quad 2-lnput NOR Gate 


AL,CL,CP 


14 




MC14001UB 




AL,CL,CP 


14 


★ 


MC14002B 


Dual 4-lnput NOR Gate 


AL,CL,CP 


14 


★ 


MC14002UB 




AL,CL,CP 


14 


* 


MC14006B 


1 8-Bit Static Shift Register 


AL,CL,CP 


14 


★ 


MC14007UB 




AL,CL,CP 


14 


★ 


MC14008B 




. AL,CL,CP 


16 


★ 


4009 


See MC14049UB - Pin for Pin Equivalent 








4010 


See MC14050B - Pin for Pin Equivalent 








RflPI AC\ 1 1 D 
IVIL* I I I B 


HiiaH O Inni i+ MAMn P.o+£i 


Al PI PP 


14 


* 


mpi dm 1 1 ip 

IVIU I I I Up 


Hi in/J O Inr-iiit MAMn P. o + a 


Al PI PP 


14 




MC1 401 2B 


Dual 4-lnput NAND Gate 


AL CL CP 


14 




MC1401 2UB 


Dual 4-lnput NAND Gate 


AL,CL,CP 


14 


* 


MC14013B 




AL,CL,CP 


14 


* 


MC14014B 


8-Bit Static Shift Register 


AL,CL,CP 


16 


* 


MC1401 5B 


Dual 4-Bit Static Shift Register 


AL,CL,CP 


CD 


★ 


MC14016B 


Quad Analog Switch/Multiplexer 


AL,CL,CP 


14 


★ 


MC14017B 


Decade Counter/Divider 


AL,CL,CP 


16 


★ 


MC14018B 


Presettable Divide-By-N Counter 


AUCUCP 


16 




401 9B 


See MC14519B - Normally Pin for Pin 









Equivalent 



x See the 8-Bit Microprocessors Data Manual. 
! See Data Sheet. 

★ See the CMOS Data Manual, Volume 1 , Standard Logic. 
□ See the CMOS Data Manual, Volume 3, High Speed CMOS. 

• See the Telecommunications Data Manual. 
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Device Function 

MC14020B 1 4-Bit Binary Counter 

MC14021B 8-Bit Static Shift Register 

MC14022B Octal Counter/Divider 

MC14023B Triple 3-lnputNAND Gate 

MC14023UB Triple 3-lnputNAND Gate 

MC14024B 7-Stage Ripple Counter 

MC14025B Triple 3-lnput NOR Gate 

MC14025UB Triple 3-lnput NOR Gate 

MC14027B DualJ-K Flip-Flop 

MC1 4028B BCD-to-Decimal/Binary-to-Octal Decoder 

MC1 4029B Binary/Decade Up/Down Counter 

4030B See MC14070B - Pin for Pin Equivalent 

4031 B See MC1 4557B - Functionally Equivalent 

MC1 4032B Triple Serial Adder (Positive Logic) 

MC1 4034B 8-Bit Universal Bus Register 

MC14035B 4-Bit Shift Register 

MC1 4038B Triple Serial Adder (Negative Logic) 

MC14040B 1 2-Bit Binary Counter 

MC14042B Quad Transparent Latch 

MC14043B Quad NOR R-S Latch 

MC1 4044B Quad NAND R-S Latch 

MC1 4046B Phase-Locked Loop 

4047B See MC1 4528B - Functionally Equivalent 

MC1 4049UB Hex Inverter/Buffer 

MC14050B Hex Buffer 

MC1 4051 B 8-Channel Analog Multiplexer/Demultiplexer.... 

MC14052B Dual 4-Channel Analog Multiplexer/ 

Demultiplexer 

MC14053B Triple 2-Channel Analog Multiplexer/ 

Demultiplexer 

4055B See MC14543B - Functionally Equivalent 

4056B See MC14543B - Normally Pin for Pin 
Equivalent 

4057B See MC14581B - Functionally Equivalent 

MC 1 4060B 1 4-Bit Binary Counter and Oscillator 

4061 See MCM 14537 - Functionally Equivalent 

4063 See MC14585B - Functionally Equivalent 

MC1 4066B Quad Analog Switch/Multiplexer 

MC1 4067B 1 6-Channel Analog Multiplexer/Demultiplexer.. 

MC14068B 8-lnput NAND Gate 

MC14069UB Hex Inverter 

MC14070B Quad Exclusive OR Gate 

MC14071B Quad 2-lnput OR Gate.... 

MC14072B Dual 4-lnput OR Gate 

MC14073B Triple 3-lnput AND Gate. 

MC14075B Triple 3-lnput OR Gate ... 







Suffix 


Pins 


Page 


AL,CL,CP 


1 6 


* 


AL,CL,CP 


1 6 


f 


AL,CL,CP 


1 6 


it 


AL CL CP 


14 


it 


AL,CL,CP 


14 


. ^ 


AL,CL,CP 


1 4 


it 


AL CL CP 


1 4 


it 


AL,CL,CP 


14 


* 


AL,CL,CP 


1 6 


★ 


AL,CL,CP 


16 




AL,CL,CP 


16 










AL,CL,CP 


1 6 


it 


AL,CL,CP 


24 


it 


AL CL CP 


16 


iff 


AL,CL,CP 


1 6 




AL,CL,CP 


16 


■k 


AL ( LL ( Ur 


1 a 

I D 


* 


AL,CL,CP 


16 


★ 


AL,CL,CP 


16 


★ 


AL,CL,CP 


16 


2-2 


AL,CL,CP 


16 


* 


AL,CL,CP 


16 


* 


AL.CL,CP 


16 


* 


AL,CL,CP 


16 


★ 


AL CL CP 


1 6 


it 














AL,CL,CP 


1 4 


★ 


AL,CL,CP 


1 4 


it 


AL,CL,CP 


24 


i,. 


AL,CL,CP 


1 4 


it 


AL,CL,CP 


1 4 


it 


AL,CL,CP 


14 


* 


AL,CL,CP 


1 4 




AL,CL,CP 


14 


★ 


AL,CL,CP 


14 


★ 


AL,CL,CP 


14 


★ 









* See the CMOS Data Manual, Volume 1 , Standard Logic. 
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Device 


Function 


Qnffiv 
OUTTIX 


Pine 

r ins 


Page 


MC14076B 




AL,CL,CP 


1 6 


i, 


MC14077B 




AL,CL,CP 


14 


■k 


MC14078B 




AL,CL,CP 


14 


* 


MC14081B 


Quad 2-lnput AND Gate 


AL,CL,CP 


14 


* 


MC14082B 


Dual 4-lnput AND Gate 


AL,CL,CP 


14 


★ 


4085B 


See MC14506B - Functionally Equivalent 








MP1 AOQTR 

IV1L l IUjOu 


Hi lorl 0_lr\r»i it MAMH Qr>hmitt Trinnar 


Al p| pp 


1 A 


it 


MP 1 4DQAR 


P Rit Rite Pnmnatihlo Qhift/Qtnro 1 Qtrh 


A| p| pp 
AL,LL,Lr 


1 fi 


it 


ML I 4Ui) / D 


Dual 8-Channel Analog Multiplexer/ 












Al PI PP 


9 A 


it 




Cpo MP14R9RR - Mormallx/ Pin fnr Pin 
Occ iviv_, itJtOD iMLfllllally rill IUI rill 










equivalent 








MP1 dDQQR 


R-Rit AHHrp«:Q3hlp 1 atph 


AL CL CP 


1 fi 


it 


MC1 41 60B 

IVI V 1 i 1 w u u 


^vnrhrnnniiQ Prnnrammahlp Dpp?»Hp PmintPr 


Al PL CP 


1 6 


it 


MP1 4.1 ft 1 R 

IVIO 1 *fl D ID 


Q\/nphrAnni 10 Prnnr^mrnQhla A. Rit Rinarv/ 










P/"vi i ri+ar 


Al p| pp 


1 ft 

l o 


it 


IVIL, I *f I DZD 


Synchronous Programmable Decade Counter . 


Al PI PD 


1 ft 




MP 1 41 ft QR 
IVIV_. I H- I Dju 


oynenronous rrogrammaDie h—dit Dinary 












Al PI PD 


1 ft 


* 


MP 1 4 1 7 AR 
IVI L- I 4 I / *tD 


1— la\s Pi Clin Clnn 


A 1 P" 1 P'D 


1 a 
I b 


* 


MC14175B 


Quad D Flip-Flop 


Al p| pp 


1 ft 


* 


MP 141 QAR 
IVIL I *t I y*f D 


*f-Dit universal omit negister 


Al PI PD 


1 ft 




mpi aaoh 




1 

L 


1 ft 


* 


mpi AAm 


D f* l\ yl \A /~\ r\ P\ ^irni 11 + 


1 

L 


1 R 


* 


MP1 AAC19 
IVIL* I HHUi 


DPI\^ l\ /I pm-» /"\ r» ■ r /"> ■ i! + 


1 


z z 


* 


7 


OR 

zo 




MP 1 A Am 
IVIL I ^f^fUo 


D^^IVA ft /I P\ i— i /~\ i m i ii+ 


1 

L 


1 ft 
I o 


* 


MP1 dAHR 
IVIU I 




1 

L 




* 


MP 1 /I yl nQ 


Binary-to-Phone Pulse Converter 


i n 
L,P 


1 O 


* 


MC14409 




UP 


16 




MC14410 


2-of-8 Tone Encoder 


UP 


16 




MC1441 1 


Bit-Rate Frequency Generator 


UP 


24 


2-7 


MC14412 




FL,FP,VL,VP 


16 


• 


mpi 441 3 


PCM Sampled Data Filter, See Note A 


l P 

L., I , 
"7 


1 fi 

I u 
1 Q 


• 


Mf 1 4.4. 1 4. 

IVI v-» 1 *t*t 1 *T 


PPM QamnloH Plata Filtor Qoo Mnto A 


1 P 

7 


I O 
1 ft 
1 R 


• 


MP1 4.41 R 


III ia/H PrA/^ i o i P\ r~» Timor/nrit/or 


CC| ci cp 

trL,rl_,rr 


I O 

1 ft 
I D 


* 




P\/l \/l \/D 
tVL, VL, vr 






MP1 4.4. 1 ft 


PPI\4 Time Qlr^t Accinnor Pirr*i lit 


1 D 

L, r 


1 ft 
1 O 




MC14417 


PCM Time Slot Assigner Circuit 


L,P 


18 




MC 1 441 8 


PCM Time Slot Assigner Circuit 


L,P 


22 


* 


MC14419 


2-of-8 Keypad-to-Binary Encoder 


UP 


16 




MC14426 


8 x 1 4-Bit Static Tuning Memory 


p 


16 


2-10 


MC14429 




p 


18 


2-13 













* See the CMOS Data Manual, Volume 1 , Standard Logic. 
M) See the Telecommunications Data Manual. 

Note A: Add Suffix 1 or 2. Example MC14413L2. 
Note B: Add Suffix B. Example MC14429PB. 
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Device 



Suffix 



Pins Page 



MC14430 




P 


16 


2-17 


MC14433 


3- 1 /2 Digit A/D Converter 


L,P 


24 


2-21 


tiAf* 1 AAA O 
MO I 444/ 


Microprocessor Compatible A/D Converter 


i p 


no 
ZO 


i JO 


ML! 444o 


o-Unannei A/u converter buosystem 


L,r 




AO 


K Af* "\ A A A A 

MCI 4444 


Microprocessor Compatible A/D Converter 


1 o 

L,r 


40 


Z-4D 


MCI 4447 


6-Channel A/D Converter Subsystem 


i n 
L,r 


I O 


o a n 

2-42 


4449UB 


See MC14049UB, Pin for Pin Equivalent 








MC14457 


Remote Control Transmitter 


P 


16 


2-57 


MC14458 


Remote Control Receiver 


P 


24 


2-57 


MC14466 


Low Cost Smoke Detector 


P 


16 


2-68 


MC14467 




P 


16 


2-68 


MC14468 




P 


16 


2-73 


MC14469 


Addressable Asynchronous Receiver/Transmitter 


L,P 


40 


2-74 


MC14490 




L,P 


16 


2-82 


MC14493 


Binary-to-7-Segment Latch Decoder/Driver 


L,P 


16 


2-89 


MC14494 


Binary-to-7-Segment Latch Decoder/Driver 


L,P 


1 


2-89 


MC14495 


Binary-to-7-Segment Hexadecimal Latch/ 


L,P 


16 


2-89 






L1,P1 


16 


2-93 


MC14497 




P 


18 


2-99 


MC14499 


4-Digit 7-Segment LED Display Decoder/Driver 


P 


18 


2-104 


MC14500B 


Industrial Control Unit 


AL,CL,CP 


16 


2-110 


MC14501UB 




AL,CL,CP 


16 


★ 


MC14502B 


Strobed Hex Inverter/Buffer 


AL,CL,CP 


16 


★ 


MC14503B 


Hex 3-State Buffer 


AL,CL,CP 


16 


* 


MC14504B 


Hex TTL or CMOS to CMOS Level Shifter 


AL,CL,CP 


16 


* 


MC14506UB 


Dual Expandable AOI Gate 


AL,CL,CP 


16 


★ 


MC14508B 




AL,CL,CP 


24 


★ 


MC14510B 


BCD Up/Down Counter 


AL,CL,CP 


16 


* 


MC1451 1B 


BCD-to-7-Segment Latch/Decoder/Driver 


AL,CL,CP 


1 


2-1 25 


MC1451 2B 


8-Channel Data Selector 


AL,CL,CP 


16 




MC1451 3B 


BCD-to-7 -Segment Latch/Decoder/Driver 












AL,CL,CP 


1 8 


2-131 


MC14514B 


4-Bit Transparent Latch/4-to-1 6 Line 










Decoder (High) 


AL,CL,CP 


24 


* 


MC1451 5B 


4-Bit Transparent Latch/4-to-1 6 Line 










Decoder (Low) 


AL,CL,CP 


24 


* 


MC14516B 




AL,CL,CP 


16 




MC14517B 


Dual 64-Bit Static Shift Register 


AL,CL,CP 


16 


★ 


MC14518B 




AL,CL,CP 


16 


★ 


MC14519B 


4-Bit And/Or Selector 


AL,CL,CP 


16 


★ 


MC14520B 




AL,CL,CP 


16 


★ 


MC14521B 


24-Stage Frequency Divider 


AL,CL,CP 


16 


★ 


MC14522B 




AL,CL,CP 


16 


* 


MC14526B 


Programmable Binary Divide-by-N Counter 


AL,CL,CP 


16 


* 


MC14527B 




AL,CL,CP 




MC14528B 




AL,CL,CP 




MC14529B 


Dual 4-Channel Analog Data Selector 


AL,CL,CP 


16 


★ 



* See the CMOS Data Manual, Volume 1 , Standard Logic. 

Note C: There are two versions of this device, with different electrical and switching characteristics. To order, one has suffix 
L or P and the other L1 or P1 . See data sheets for details. 
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a 



Device 


Function 


Suffix 


Pins 


Page 


ML I 453UB 


Dual 5-lnput Majority Logic Gate 


At r^l r^D 


1 a 
I O 


* 


rap-i/icto-id 

MCI 4531 B 




a i pi d 
AL,CL,Cr 




* 


MCI 4532B 




a i i"»d 
AL,CL,Cr 


1 b 




ft ii 'i ji r o ji n 

MCI 4534B 


5-Decade Counter 


AL,CL,CP 


24 


* 


KAr* 1 >1 COCO 

MCI 4oobb 






1 £2 
1 O 


* 


MCI 4booB 




a i pi r* d 


1 A 

1 o 


* 


MCI 4boy b 




Al PI PD 


1 a 

I 


* 


MfM ./l C A 1 D 
ML I I D 




Al PI PD 


1 a 
I 4 




MCI 4543B 


BCD-to-7-Segment Latch/Decoder/Driver 


AL,CL,CP 


1 6 


2-1 53 


IV i!P 1 A C A A D 

MCI 4544B 


bCU-to- /-begment Latch/Uecoaervuriver 












A 1 PI P O 

AL,CL,CP 


1 o 

1 8 


2-1 58 


MC 1 4547B 


High Current BCD-to-7-Segment 










Decoder/Driver 


A 1 PI pn 

AL,CL,CP 


I 6 


1 1 C A 

2-1 64 


MCI 4548B 


Dual Monostable Multivibrator 










(Retriggerable/Resettable) 


L,P 


1 6 


★ 


MC1 4549B 


Successive Approximation Register 


AL,CL,CP 


1 6 


2-1 69 


ft a *i ii r r >i n 

MC1 4551 B 


Quad 2-Channel Analog Multiplexer/ 












AL,CL,CP 


1 6 




MCI 4booD 


O i*L2rm D r~\ — ■ . rt + — 


A 1 PI PD 


i b 


* 


MCI 4bb4B 


2 x 2-Bit rarallel binary Multiplier 


A 1 PI P D 

AL,CL,Cr 


1 O 


* 


MC 1 4DOOH 


Dual Binary to 1 -of-4 Decoder 


A 1 PI P D 


1 O 




Ril/^l ^ C CCD 

MCI 4556B 


Dual Binary to 1 -of-4 Decoder (Inverting) 


A 1 PI P O 

AL,CL,CP 


1 6 


★ 


IV /I P 1 j| rc*7D 

MCI 455 7B 




a I pi p r> 

AL,CL,CP 


i 6 


* 


MCI 4558B 


BCD-to-7-Segment Decoder 


AL,CL,CP 


1 6 


2-183 


MC1 4559B 


Successive Approximation Register 


AL,CL,CP 


1 6 


2-1 69 


MC1 4560B 


ft i r~» v"*« i™v a i _i 


AL,CL,CP 


1 6 




MC1 4561 B 


9's Complementer 


AL,CL,CP 


1 4 




MCI 4562B 




AL,CL,CP 


1 4 




MCI 4566B 


Industrial Time-Base Generator 


AL,CL,CP 


1 6 


★ 


MCI 4500B 


Phase Comparator and Programmable 










p„ .„» 

Counters 


AL,CL,CP 


1 6 


2-1 89 


MCI 4503 b 


Dual Programmable BCD/Binary Counter 


A 1 PI PD 

AL,CL,Cr 


1 6 




ft n •**» •! /t 1™ 1 1 ID 

MC1 4572UB 


Hex Gate 


AL,CL,CP 


1 6 


★ 


ft A -1 ii l - T *"1 

MC1 4573 


Quad Programmable Op Amp 


CL,CP 


1 6 


2-1 99 


ft A A I < yfl 

MCI 4574 


Quad Programmable Comparator 


CL,CP 


1 6 


2-1 99 


MC1 4575 


Programmable Dual Op Amp/Dual Comparator 


CL,CP 


1 6 


2-1 99 


h A /~> •* d r o An 

MC1 4580B 




AL,CL,CP 


24 


2-209 


MC I 4581 B 


A n!*- A H ! a. C . , , „ I 1 ,' | 1 , * t 


AL,CL,CP 


O /I 

24 


* 


ft il P 1 yl c O O D 

MCI 4582B 




AL,CL,CP 


1 6 


* 


ft Jl P *1 >ICOOD 

MCI 45B3B 




AL,CL,CP 


1 6 




MP1 4RR4R 


I— lav Cr'hmitt Tr'trinar 


Al PI PP 


I ^ 


* 


MC14585B 


4-Bit Magnitude Comparator 


AL,CL,CP 


16 


★ 


MC14597B 


8-Bit Bus Compatible Counter Latch 


AL,CL,CP 


16 




MC14598B 


8-Bit Bus Compatible Addressable Latch 


AL,CL,CP 


18 


★ 


MP1 4R99R 

1 V 1 1 *T \J J J o 


8-Bit Addressable Latch 


AL,CL,CP 


1 R 
I o 




4734B 


See MC1451 3B - Normally Pin for Pin 










Equivalent 
















★ See the CMOS Data Manual, Volume 1, Standard Logic. 
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Device 



Function 



Suffix 



Pins Page 





MP 1 d.RRd.R - Mnrmallv Pin fnr Pin 

Oct! IvjV_» 1 t JOtD 1 NJUI If lal 1 y rill IKJi rill 










Equivalent 








40085B 


See MC14585B - Normally Pin for Pin 
Equivalent 








H-VJVJiJ / D 


See MC14503B - Normally Pin for Pin 








Equivalent 








ac\ ini n 


See MC14531B - Functionally Equivalent 








H-U I L/D D 


See MC1 41 06B - Pin for Pin Equivalent 






A_C\ 1 AftR 


bee lvlui4boUb - Normally rin tor rin 
Equivalent 








A_f\ 1 RnR 


See MC14160B - Pin for Pin Equivalent 








/irn 1 p 

H-U I D I D 


See MC 1 4 1 6 1 B - Pin for Pin Equivalent 








a n 1 con 


See MC1 41 62B - Pin for Pin Equivalent 








/im cor 

H-U I Dob 


See MC1 41 63B - Pin for Pin Equivalent 








A_C\ 1 7AD 


See MC1 41 74B - Pin for Pin Equivalent 








AC. 1 TCD 
*f U 1 / D D 


See MC141 75B - Pin for Pin Equivalent 








4-U lolb 


See MC1 458 1 B - Pin for Pin Equivalent 








401 82B 


See MC1 4582B - Pin for Pin Equivalent 








40192B 


See MC14510B - Functionally Equivalent 






401 93B 


See MC1451 6B - Functionally Equivalent 








401 94B 


See MC14194B - Normally Pin for Pin 










Equivalent 








40208B 


See MC14580B - Normally Pin for Pin 










Equivalent 








MP 1 A 9 1 on 

ML. I *t £. I UU 


4x4 Cross Point Switch 


AL,CL,CP 


16 


• 


1 VI l^r 1 t r*r 1 \JU 


Duplex Mode 32-Segment LED Driver 


P 


24 


2-214 


mp 1 aa 1 ha 

ML- I *+*+ I UH- 


High Performance Remote Control Transmitter 


P 


24 


2-225 


MP 1 AA 1 n R 
ML. I 'f^f I u o 


Remote Control Transmitter 

HexD/A Converter 


P 


20 


2-226 


MC1 441 1 


P 


18 


2 227 


MC1441 1 1 


Quad D/A Converter 


P 


14 


2-227 


MC1441 1 5 




P 


24 


2-232 


MC1441 1 7 


4-Digit Duplex Mode LCD Decoder/Driver 


P 


24 


2-237 


MC144122 




P 


16 


2-244 


MC1441 24 


High Performance Remote Control Receiver 


P 


24 


2-245 


MC1441 30 


TV Stereo Decoder 


P 


28 


2-246 


ML- I h-OUUU 


48-Segment Multiplexed LCD Driver (Master) .. 


L, P 


2 


2-247 


ML- I 4DUU I 


44-Segment Multiplexed LCD Driver (Slave) .... 


L, P 


18 


2-247 


mp 1 Acnoc 

ML* I 




UP 


16 


2-257 




Remote Control Decoder 


L,P 


16 


2-257 


MP1 4502R 


Remote Control Decoder 


L,P 


16 


2-257 


MC145029 


Remote Control Decoder 


UP 


16 


2-257 


MC1 45040 


Serial A/D Converter 

Serial A/D Converter 


UP 


20 


2-268 


MC145041 


UP 


20 


2-268 


MC145100 


4x4 Cross Point Switch 


UP 


16 


• 


MC145104 


PLL Frequency Synthesizer 


p 


16 


2-269 


MC145106 




p 


18 


2-269 



9 See the Telecommunications Data Manual. 
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Device 


Function 


Suffix 


Pins 


Page 


MC145107 


PLL Frequency Synthesizer 


P 


16 


2-269 


MC145109 


PLL Frequency Synthesizer 


P 


16 


2-269 


MC1451 12 


PLL Frequency Synthesizer 


P 


18 


2-269 


MC145143 




P 


16 


2-275 


MC145144 


4-Bit Data Bus Input PLL Frequency 












LP 


16 


2-277 


MC145145 


4-Bit Data Bus Input PLL Frequency 










Synthesizer 


L,P 


18 


2-284 


MC145146 


4-Bit Data Bus Input PLL Frequency 










Synthesizer 


L,P 


20 


2-294 


MC1451 51 


Parallel Input PLL Frequency Synthesizer 


L,P 


28 


2-304 


MC145152 


Parallel Input PLL Frequency Synthesizer 


UP 


28 


2-312 


MC145155 


Serial Input PLL Frequency Synthesizer 


UP 


18 


2-320 


MC145156 


Serial Input PLL Frequency Synthesizer 


L,P 


20 


2-328 


MC1451 57 




L,P 


16 


2-338 


MC145158 


Serial Input PLL Frequency Synthesizer 


LP 


16 


2-338 


MC145159 


Serial Input PLL Frequency Synthesizer 


LP 


20 


2-347 


MC145414 


Dual Tuneable Lowpass Sampled Data Filters ... 


LP 


16 


2-348 


MC14541 5 


Dual Tuneable Linear Phase Low Pass 










Sampled Data Filters 


LP 


16 


• 


MC145420 


MDPSK Universal Digital-Loop Transceiver 










(4-Wire Master) 


L 


24 


• 


MC145422 


MDPSK Universal Digital-Loop Transceiver 










(2-Wire Master) 


L 


22 




MC145423 


MDPSK Universal Digital-Loop Transceiver 












L 


20 


• 


MC145425 


MDSPK Universal Digital-Loop Transceiver 












L 


22 


• 


MC145426 


MDPSK Universal Digital-Loop Transceiver 










(2-Wire Slave) 


L 


22 


• 


MC1 45428 




LP 


20 


• 


MC145429 




L,P 


18 


• 


MC145431 


Tuneable Lowpass/Bandpass Filter 


LP 


16 


• 


MC145432 


2600 Hz Tone Signalling Filter 


LP 


18 


• 


MC145433 


Tuneable Notch/Bandpass Filter 


L,P 


16 


• 


IV/lfM A K A A C\ 

MU I 4D44U 




1 D 

L,r 


1 Q 
I O 


• 


fiHC* 1 A C A A 1 

Mt 1 4044 1 




1 D 

L,r 


1 Q 

1 O 


• 


A C A A C 


0/~*r\ On., A CCl/ IVAn^Jnm 


i D 


zz 


• 


ML 1 4b4b(J 


1 Trtrt D n ..rJ CCl/ 11 * „ 1 „ , 


1 o 

L,r 


ZZ 


• 


MC146805E2 


8-Bit Microprocessor, Expandable 


L,P,Z 


40 


X 


MC146805F2 


8-Bit Single Chip Microcomputer 


L,P,Z 


28 


X 






1 D "7 


4U 


X 


MC146818 


Real-Time Clock/RAM 


L,P,Z 


24 


X 


MC146823 


Parallel Interface 


LP,Z 


40 


X 


MC1468705G2 


8-Bit Single Chip Microcomputer with EPROM . . 


LP 


40 


X 


MCM5101 


256 x 4-Bit Static RAM 


C,P 


22 


+ 



x See the 8-Bit Microprocessors Data Manual. 

+ See the Memory Data Manual. 

• See the Telecommunications Data Manual. 
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Device 



Suffix 



Pins 



Page 



MCM14505 


64 


X 


1-Bit Static RAM 


AL,CL,CP 


14 


2-1 16 


MCM14524 


256 


X 


4-Bit ROM, See Note D 


AL,CL,CP 


16 


2-139 


MCM14537 


256 


X 


1 -Bit Static RAM 


AL,CL,CP 


16 


2-145 


MCM14552 


64 


X 


4-Bit Static RAM 


AL,CL,CP 


24 


2-176 


MCM651 16 


2048 


X 


8-Bit Static RAM 


C,P 


24 


+ 


MCM65147 


4096 


X 


1 -Bit Static RAM 


C,P 


18 


+ 


MCM65256 


32768 


X 


8-Bit ROM 


P 


28 


+ 


MCM65516 


2048 


X 


8-Bit Multiplexed Bus ROM 


L,P 


18 


+ 


MCM144102 


16 


X 


1 6-Bit Static RAM 


P 


8 


2-220 

















+ See the Memory Data Manual. 
Note D: Available only by special order. 
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Selection Guide by Function 



Logic Functions 

Nand Gates ★ 

Nor Gates ★ 

And Gates * 

Or Gates ★ 

Complex Gates * 

Inverters/Buffers/Level Translators * 

Schmitt Triggers * 

Flip-Flops/Latches ★ 

Shift Registers ★ 

Counters ★ 

Adders/Comparators ★ 

Parity Generator/Checker * 

Alu's/Rate Multipliers * 

Encoders/Decoders * 

Multiplexers/Demultiplexers/Bilateral Switches * 

Multivibrators/Oscillators/Timers * 

Microprocessors/Peripherals x 



Device Function Page 

Memories' 11 

MCM14505 64 x 1 -Bit Static RAM 2-116 

MCM14537 256 x 1 -Bit Static RAM 2-145 

MC14580B 4x 4 Multiport Register 2-209 

MCM14552 64x 4-Bit Static RAM 2-176 

MCM14524 256 x 4-Bit Read Only Memory 2-139 

MC14426 8 x 14-Bit Static Tuning Memory 2-10 

MCM144102 16 x 1 6-Bit Static RAM 2-220 

PLL Frequency Synthesizer 

MC14046B Phase-Locked Loop 2-2 

MC14568B Phase Comparator and Programmable Counters 2-189 

MC145104 PLL Frequency Synthesizer 2-269 

MC 145 106 PLL Frequency Synthesizer 2-269 

MC 145 107 PLL Frequency Synthesizer 2-269 

MC145109 PLL Frequency Synthesizer 2-269 

MC145112 PLL Frequency Synthesizer 2-269 

(1 IFor details of larger CMOS Memories, see the Memory Data Book. 
★ See the CMOS Data Manual, Volume 1 , Standard Logic, 
x See the 8-Bit Microprocessor Data Manual. 



1-12 



Device Function Page 

MC145143 PLL Frequency Synthesizer 2-275 

MC145144 4-Bit Data Bus Input PLL Frequency Synthesizer 2-277 

MC 145 145 4-Bit Data Bus Input PLL Frequency Synthesizer 2-284 

MC145146 4-Bit Data Bus Input PLL Frequency Synthesizer 2-294 

MC145151 Parallel Input PLL Frequency Synthesizer 2-304 

MC145152 Parallel Input PLL Frequency Synthesizer 2-312 

MC145155 Serial Input PLL Frequency Synthesizer 2-320 

MC145156 Serial Input PLL Frequency Synthesizer 2-328 

MC 145 157 Serial Input PLL Frequency Synthesizer 2-338 

MC 145 158 Serial Input PLL Frequency Synthesizer 2-338 

MC 145 159 Serial Input PLL Frequency Synthesizer 2-347 

MC6220 4-Bit Microcomputer Unit with PLL Frequency Synthesizer § 



Display Decoders/Drivers 

MC14511B BCD-to-7-Segment Latch/Decoder/Driver 2-125 

MC1 451 3B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking ... 2-131 

MC14543B BCD-to-7-Segment Latch/Decoder/Driver 2-153 

MC14544B BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking ... 2-1 58 

MC14547B High Current BCD-to-7-Segment Decoder/Driver 2-164 

MC14558B BCD-to-7-Segment Decoder 2-183 

MC14493 Binary-to-7-Segment Latch/Decoder/Driver 2-89 

MC14494 Binary-to-7-Segment Latch/Decoder/Driver 2-89 

MC14495 Binary-to-7-Segment Hexadecimal Latch/Decoder/Driver 2-89 

MC1 4495-1 Binary-to-7-Segment Hexadecimal Latch/Decoder/Driver 2-93 

MC14499 4-Digit 7-Segment LED Display Decoder Driver 2-104 

MC 144 100 32-Segment Duplex Mode LED Driver 2-214 

MC144115 1 6-Segment LCD Driver 2-232 

MC144117 4-Digit Duplex Mode LCD Decoder/Driver 2-237 

MC1 45000 48-Segment Multiplexed LCD Driver (Master) 2-247 

MC1 45001 44-Segment Multiplexed LCD Driver (Slave) 2-247 



A/D, D/A Converters/Logic Functions 



MC1 
MC1 
MC1 
MC1 
MC1 
MC1 
MC1 
MC1 
MC1 
MC1 
MC1 



4433 3- 1 /2 Digit A/D Converter 

4443 6-Channel A/D Converter Subsystem 

4447 6-Channel A/D Converter Subsystem 

4442 Microprocessor Compatible A/D Converter. 

4444 Microprocessor Compatible A/D Converter. 

45040 Serial A/D Converter 

4504 1 Serial A/D Converter 

4549B Successive Approximation Register 

4559B Successive Approximation Register 

44110 Hex D/A Converter 

44111 Quad D/A Converter 







2-21 

2-42 

2-42 

2-33 

2-46 

2-268 

2-268 

2-169 

2-169 

2-227 

2-227 



§ See Data Sheet. 
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Device 



Function 



Page 



Operational Amplifiers/Comparator 

MC14573 Quad Programmable Op Amp 2-199 

MC 14574 Quad Programmable Comparator 2-199 

MC14575 Programmable Dual Op Amp/Dual Comparator 2-199 

Remote Control Functions 

MC 1 44 1 04 High Performance Remote Control Transmitter 2-225 

MC144105 Remote Control Transmitter 2-226 

MC14457 Remote Control Transmitter 2-57 

MC 14497 Remote Control Transmitter z-yy 

MC144122 Remote Control Receiver 2-244 

MC144124 High Performance Remote Control Receiver 2-245 

MC14458 Remote Control Receiver 2-57 

MC14469 Adressable Asynchronous Receiver/Transmitter. 2-74 

MC1 45026 Remote Control Encoder 2-257 

MC1 45027 Remote Control Decoder 2-257 

MC1 45028 Remote Control Decoder 2-257 

MC1 45029 Remote Control Decoder 2-257 

Radio/TV Functions 

MC6220 4-Bit Microcomputer Unit with PLL Frequency Synthesizer § 

MCM144102 1 6 x 1 6-Bit Static RAM 2-220 

MC 14426 8 x 1 4-Bit Static Tuning Memory 2-10 

MC14429 Tuning Memory Control 2-13 

MC14430 Input Address Encoder 2-17 

MC144104 High Performance Remote Control Transmitter 2-225 

MC144105 Remote Control Transmitter 2-226 

MC14457 Remote Control Transmitter 2-57 

MC14497 Remote Control Transmitter 2-99 

MC144122 Remote Control Receiver 2-244 

MC1 441 24 High Performance Remote Control Receiver.... 2-245 

MC14458 Remote Control Receiver 2-58 

MC144130 TV Stereo Decoder 2-246 

Miscellaneous 

MC14411 Bit Rate Frequency Generator 2-7 

MC 14466 Low Cost Smoke Detector 2-68 

MC14467 Low Cost Smoke Detector 2-68 

MC14468 Interconnectable Smoke Detector 2-73 

MC14469 Addressable Asynchronous Receiver/Transmitter 2-74 

MC14490 Hex Contact Bounce Eliminator 2-82 

MC14500B Industrial Control Unit 2-110 

MC145414 Dual Tuneable Lowpass Filter 2-348 



§ See Data Sheet. 
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PLL FREQUENCY SYNTHESIZER SELECTOR TABLES 



TABLE 1 





MC145104 


MC145106 


MC145107 


MC145109 


MC145112 


MC145143 


Device Programming 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


Parallel 


Modulus 


Single 


Single 


Single 


Single 


Single 


Single 


Programmable 
N Divider Bits 


8 


9 


8 


9 


9 


9 + 4 
Fixed Bits 


Reference Divider 


2 10 or 2 1" 


2 10 or 2 11 


2 10 or 2 11 


2 10 or2 11 


2 10 or 2 11 


None 


Single-Ended PDout 
(Three State) 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Double Ended *V, (R 


No 


No 


No 


No 


No 


No 


Lock Detect Output 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Band Switch Outputs 


No 


No 


No 


No 


No 


No 


Package (Pins) 


16 


18 


16 


16 


18 


16 


Frequency Tripling 
Capability 


No 


Yes 


Yes 


No 


No 


No 


10.24 MHz Oscillator 
Circuit 


Yes 


Yes 


No 


No 


Yes 


No 


External Frequency 
Reference Only 


No 


No 


Yes 


Yes 


No 


Yes 


Typical Max. F.in at 
5 V. 25°C 


10 MHz 


10 MHz 


10 MHz 


10 MHz 


10 MHz 


30 MHz 



TABLE 2 





MC14S144 


MC145145 


MC145146 


MC145151 


MC145152 


MC14S15S 


MC145156 


MC145157 


MC14515B 


MC145159* 


Device Programming 


4-Bit 
Data bus 


4-Bit 
Data bus 


4-Bit 
Data bus 


Parallel 


Parallel 


Serial 


Serial 


Serial 


Serial 


Serial 


Modulus 


Single 


Single 


Dual 


Single 


Dual 


Single 


Dual 


Single 


Dual 


Dual 


Number of N 
Divider Values A 


512 


16,380 


1,021 
128 


16,380 


1,021 
64 


16,380 


1,021 
128 


16,380 


1,021 
128 


1,021 
128 


Range of \ 
Divider Values / 

*} 


4- 
4,092 


3- 
16,383 


3- 
1,023 

0- 
127 


3- 
16,383 


3- 
1,023 
0- 
63 


3- 
16,383 


3- 
1,023 

0- 
127 


3- 
16,383 


3- 
1,023 
0- 
127 


3- 
1,023 
0- 
127 


Range of Reference 
Divider Values 


3,584- 
3,839 


3- 
4,095 


3- 
4,095 


8- 
8,192 


8- 
2,048 


16- 
8,192 


8- 
2,048 


3- 
16,383 


3- 
16,383 


3- 
16,383 












Single-Ended PDout 
(three state) 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


Double-Ended IV, IR 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


Lock Detect Output 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Band Switch Outputs 


No 


No 


No 


No 


No 


Yes 


Yes 


No 


No 


No 


Package (pins) 


16 


18 


20 


28 


28 


18 


20 


16 


16 


20 


Typical Max. F.in at 
5 V. 25°C 


30 MHz 


30 MHz 


30 MHz 


30 MHz 


30 MHz 


30 MHz 


30 MHz 


30 MHz 


30 MHz 


30 MHz 



* Preview Data 
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Introducing a new dimension in CMOS 1 

Motorola's new family of standard-logic High-Speed CMOS integrated circuits provides 
the designer with a complete series of functions which approaches the ideal in perfor- 
mance. 

All of the present CMOS logic family features, including low power dissipation and high 
noise immunity, combine with LSTTL speeds, pinouts and drives to offer the 
marketplace a new dimension in CMOS standard logic. 

• Guaranteed Propagation Delay — 1 5 ns for 74HC00 

• Wide Operating Range — 2-6 V Recommended 

• High Noise Immunity — Typically 45% of Supply Voltage 

• Low Quiescent Power Dissipation 

• Diode Protection — All Inputs 

• High Fanout — 1 LSTTL Loads (4 mA Drive) 

• Direct Pin Compatibility with LSTTL Parts (HCXXX or HCTXXX) 
and CMOS Parts (HC4XXX) 

• Input Logic Compatible with CMOS Parts (HCXXX or HC4XXX) 
and/or LSTTL Parts (HCTXXX) 

• Proven Reliability and Process 



BASIC NUMBERING PARAMETERS 
MC W WWW XXXX Y 



Example: 

Motorola Circuit Identifier - 
Temperature Range 



• 74 for Commercial Range (- 40°C to 85°C) 

• 54 for Extended Range (-55°C to 1 25°C) 



High-Speed CMOS Specification - 
Identifier 



• HC for Buffered High-Speed CMOS 

• HCU for Unbuffered High-Speed CMOS * 

• HCT for TTL Input Compatible CMOS * 



-Package Type 

• N for Plastic (74 Series Only) 

• J for Ceramic 

-Basic Device Type 



' Not Available On All Devices 



For full information, see the CMOS Data Manual, Volume 3, High Speed CMOS 
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HIGH SPEED CMOS FUNCTION SELECTOR GUIDE 

• Parts shown are functional equivalent except when preceded by an asterisk (*), 
indicating a suggested alternative 

• Device numbers preceded by a "*" are new proprietary designs 







High-Speed 
Device 




Functional 


Functional 
Equivalent 






Function 


Equivalent 
LSTTL Device 
74/54 


CMOS Device 
MCI XXXX or 
CDXXXX 


Direct Pin 
Compatibility 


Number of 
Pins 


Number 
MC74/MC54 






GATES 


MtUU 
HC02 
HC03 

HC08 
HC10 


Quad z-mput nainu uate 
Quad 2-lnput NOR Gate 
Quad 2-lnput NAND 

with Onpn Drfltn Oiitniit<s 


\ cnn 
LoUU 

LS02 
LS03 

LS08 
LS10 


A f\ 1 1 

4001 
*401 1 

4081 
4023 


1 c 
La 

LS 

LS 

LS 
LS 


1 A 

1 4 
1 4 


Dnarl 9-lnnut AND fiatp 

Triple 3-lnput NAND Gate 


1 4 
14 


HC1 1 
HC20 
HC27 
HC30 
HC32 


Triple 3-lnput AND Gate 
Dual 4-lnput NAND Gate 
Triple 3-lnput NOR Gate 
8-lnput NAND Gate 


LS11 
LS20 
LS27 
LS30 


4073 
4012 
4025 
4068 


LS 
LS 
LS 
LS 


14 
14 
14 
14 
14 


Quad 2-lnput OR Gate 


LS32 


4071 


LS 


HC51 

★ HC58 

HC86 
HC132 

HC133 


2-Wide, 2-lnput/2-Wide, 

3-lnput AND-OR-INVERT Gates 
2-Wide, 2-lnput/2-Wide, 

3-lnput AND-OR Gates 
Quad 2-lnput Exclusive OR Gate 
Quad 2-lnput Schmitt-Trigger 

NAND Gate 


LS51 

*LS51 

LS86 
LS132 

LS133 


*4506 

*4506 

4070 
4093 


LS 

LS 
LS 


14 

14 

14 
14 


1 3-lnput NAND Gate 


LS 


16 


HC266 


Quad 2-lnput Exclusive NOR Gate 


LS266 


4077 


LS/CMOS 


14 




(Non Open Drain) 










HC4002 


Dual 4-lnput NOR Gate 


*LS25 


4002 


CMOS 


14 


HC4075 


Triple 3-lnput OR Gate 




4075 


CMOS 


14 


HC4078 


8-lnput NOR Gate 




4078 


CMOS 


14 



BUFFERS / INVERTERS 



HC04 


Hex Inverter 


LS04 


*4069 


LS/CMOS 


14 


HCU04 


Hex Unbuffered Inverter 


LS04 


4069 


LS/CMOS 


14 


HC14 


Hex Schmitt-Trigger Inverter 


LS14 


4584 


LS/CMOS 


14 


HC240/ 


Octal Buffer/Line Driver/Line Receiver, 


LS240 




LS 


20 


HCT240 


3-State, Inverting Output 


LS241 








HC241/ 


Octal Buffer/Line Driver/Line Receiver, 




LS 


20 


HCT241 


3-State 










HC244/ 


Octal Buffer/Line Driver/Line Receiver, 


LS244 




LS 


20 


HCT244 


3-State 










HC365 


Hex 3-State Bus Driver 


LS365A 




LS 


16 




with Common 2-lnput NOR Enable 


LS366A 








HC366 


Hex 3-State Bus Driver 




LS 


16 




with Common 2-lnput NOR Enable, 










Inverting Output 


LS367A 








HC367 


Hex 3-State Bus Driver 


4503 


LS/CMOS 


16 




with Separate 2-Bit 












and 4-Bit Sections 










HC368 


Hex 3-State Bus Driver 


LS368A 




LS 


16 




with Separate 2-Bit 












and 4-Bit Sections, Inverting Output 










HC540 


Octal Buffer/Line Driver/Line Receiver, 


LS540 




LS 


20 




3-State Inverting Outputs 










HC541 


Octal Buffer/Line Driver/Line Receiver, 


LS541 




LS 


20 




3-State 










HC4049 


Hex Inverting Buffer 




4049 


CMOS 


16 


HC4050 


Hex Buffer 




4050 


CMOS 


16 
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High-Speed 
Device 
Number 
MC74/MC54 


Function 


Functional 
Equivalent 
LSTTL Device 
74/54 


Functional 
Equivalent 
CMOS Device 
MC1XXXX or 
CDXXXX 


Direct Pin 
Compatibilitv 


Number of 
Pins 


SCHMITT TRIGGERS 


HC14 
HC132 


Hex Schmitt-Trigger Inverter 
Quad 2-lnput Schmitt-Trigger 


LS14 
LS132 


4584 
4093 


LS/CMOS 
LS 


14 
14 




NAND Gate 










BUS TRANSCEIVERS 


HC242 


Quad Bus Transceiver, 3-State, 


LS242 




LS 


14 


HC243 
HC245/ 
HCT245 
HC640 
HC643 


Inverting Output 
Quad Bus Transceiver, 3-State 
Octal Bus Transceiver, 3-State 

Octal Bus Transceiver, 3-State 
Octal Bus Transceiver, 3-State 


LS243 
LS245 

LS640 
LS643 




LS 
LS 

LS 
LS 


14 

20 

20 
20 


HC646 


Octal Bus Transceiver and Register, 
3-State 

Octal Bus Transceiver and Register, 
3-State, Inverting Output 


LS646 




LS 


24 


HC648 


LS648 




LS 


24 


ARITHMETIC CIRCUITS 


HC85 
HC181 
HC182 
HC280 

HC283 


4-Bit Magnitude Comparator 
4-Bit Arithmetic Logic Unit 
Carry Lookahead Generator 
9-Bit Odd/Even Parity 
Generator/Checker 
4-Bit Binary Full Adder with Fast Carry 


LS85 
LS181 
LS182 
LS280 

LS283 


♦4585 
4581 
4582 

*4531 

4008 


LS 
LS/CMOS 
LS/CMOS 

LS 

LS 


16 
24 
16 
14 

16 


HC888 
HC4560 


8-Bit Equality Comparator 
NBCD Adder 




4560 


CMOS 


20 
16 



MISCELLANEOUS 



HC292 


Programmable Frequency Divider/ 


LS292 




LS 


16 




Digital Timer 










HC294 


Programmable Frequency Divider/ 


LS294 




LS 


16 




Digital Timer 










HC4046 


Phase-Locked Loop 


*LS297 


4046 


CMOS 


16 


FLIP-FLOPS / LATCHES 


HC73 


Dual J-K Flip-Flop with Reset 


LS73A 


*4027 


LS 


14 


HC74 


Dual D-Type Flip-Flop with Set and 


LS74A 


4013 


LS 


14 




Reset, Positive-Edge Triggered 










HC75 


4-Bit D-Type Latch 


LS75 


*4042 


LS 


16 


HC76 


Dual J-K Flip-Flop with Set and Reset 


LS76A 


*4027 


LS 


16 


HC107 


Dual J-K Flip-Flop with Reset 


LS107A 


4027 


LS 


14 


HC109 


Dual J-K Flip-Flop with Set and Reset, 


LS109A 


*4027 


LS 


16 




Positive-Edge Triggered 










HC1 12 


Dual J-K Flip-Flop with Set and Reset, 


LS1 12A 


♦4027 


LS 


16 




Negative-Edge Triggered 










HC1 13 


Dual J-K Flip-Flop with Set, 


LS1 13 


•4027 


LS 


14 




Negative-Edge Triggered 










HC174 


Hex D-Type Flip-Flop 


LS1 74 


41 74 


LS/CMOS 


16 




with Common Clock and Reset 










HC1 75 


Quad D-Type Flip-Flop 


LS1 75 


41 75 


LS/CMOS 


16 


HC259 


8-Bit Addressable Latch 


LS259 


*4099 


LS 


16 


HC273 


Octal D-Type Flip-Flop 


LS273 


*4175 


LS 


20 




with Common Clock/Reset 










HC373/ 


Octal D-Type Transparent Latch, 


LS373 




LS 


20 


HCT373 


3-State 










HC374/ 


Octal D-Type Flip-Flop, 3-State 


LS374 




LS 


20 


HCT374 










HC533 


Octal D-Type Transparent Latch, 


LS533 




LS 


20 




3-State Inverting Output 
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Functional 






High-Speed 




Functional 


Equivalent 


Direct Pin 
Compatibility 


Number of 
Pins 


Device 


Function 


Equivalent 


CMOS Device 


Number 


LSTTL Device 


MC1XXXX or 


MC74/MC54 




74/54 


CDXXXX 







FLIP-FLOPS/LATCHES (continued) 



HC534 

HC563 

HC564 

HC573 
HC574 



Octal D-Type Flip-Flop, 3-State, 

Inverting Output 
Octal Transparent Latch, 3-State, 

Inverting Output 
Octal D-Type Flip-Flop, 3-State, 

Inverting Output 
Octal Transparent Latch, 3-State 
Octal D-Type Flip-Flop, 3-State 



LS534 
LS576 



LS573 
LS574 



LS 

LS 

LS 

LS 
LS 



SHIFT REGISTERS 



HC164 

HC165 

HC173 
HC194 

HC195 



8-Bit Serial Input/Parallel Output 

Shift Register 
8-Bit Serial or Parallel Input/Serial 

Output Shift Register 
4-Bit D-Type Register, 3-State 
4-Bit Bidirectional Universal 

Shift Register 
4-Bit Universal Shift Register 



LS164 

LS165 

LS173 
LS194A 

LS195A 



*4034 

M021 

4076 
4194 

*4035 



LS 
LS 

LS/CMOS 
LS/CMOS 

LS 



HC299 
★ HC589 
HC595 
HC597 



8-Bit Universal Shift/Store Register, 
3-State 

8-Bit Parallel-to-Serial Shift Register 
with Input Latches, 3-State 

8-Bit Serial-to-Parallel Shift Register, 
3-State 

8-Bit Parallel-to-Serial Shift Register 
with Input Latches 



LS299 
*LS597 
LS595 
LS597 



♦4094 

*4014 
or*4021 
*4034 

*4014 or 
*4021 



LS 

LS 
LS 



COUNTERS 



HC160 
HC161 
HC162 
HC163 
HC192 





ounter, 



Programmable Decade C 

Asynchronous Clear 
Programmable 4-Bit Binary Counter, 

Asynchronous Clear 
Programmable Decade Counter, 

Synchronous Clear 
Programmable 4-Bit Binary Counter, 

Synchronous Clear 
Presettable BCD Decade Up/Down 

Counter 



LS160A 
LS161A 
LS162A 
LS163 



LS1 92 

LS193 

LS390 
LS393 



4160 
4161 
4162 
4163 
4510 



LS/CMOS 


16 


LS/CMOS 


16 


LS/CMOS 


16 


LS/CMOS 


16 


LS 


16 



HC193 

HC390 
HC393 
HC4017 
HC4020 



Presettable 4-Bit Binary Up/Down 

Counter 
Dual Decade Counter 
Dual 4-Bit Binary Counter 
Decade Counter/Divider 
1 4-Stage Binary Ripple Counter 



4516 

'4518 
'4520 
4017 
4020 



LS 

LS 

LS 
CMOS 
CMOS 



HC4024 
HC4040 
HC4060 



7-Stage Binary Ripple Counter 
1 2-Stage Binary Ripple Counter 
1 4-Stage Binary Ripple Counter 
with Oscillator 



4024 
4040 
4060 



CMOS 
CMOS 
CMOS 



MONOSTABLE MULTIVIBRATORS 



HC123 


Dual Retriggerable Monostable 
Multivibrator 


LS123 


*4538 or 
*4528 


LS 


16 


HC221 


Dual Monostable Multivibrator 


LS221 


*4538 or 
*4528 


LS 


16 


HC423 


Dual Monostable Multivibrator 


LS423 


*4538 or 
*4528 


LS 


16 


HC4538 


Dual Precision Retriggerable/Resettable 
Monostable Multivibrator 


*LS221 


4538 


CMOS 


16 



High-Speed 
Device 
Number 
MC74/MC54 




Function 


Functional 
Equivalent 
LSTTL Device 
74/54 


Functional 
Equivalent 
CMOS Device 
MC1 XXXX or 
CDXXXX 


Direct Pin 
Compatibility 


Number of 
Pins 


DECODERS/ENCODERS/DISPLAY DRIVERS 


HC42 
HC137 

HC138/ 
HCT138 
HC139 

HC147 


BCD to 1-of-10 Decoder 
1-of-8 Decoder/Demultiplexer 
with Latched Inputs, Inverting Output 

1-of-8 Decoder/Demultiplexer 
Dual 1-of-4 Decoder 

(Activ6 - Low Outputs) 
1 0-to-4 Priority Encoder 


LS42 
LS137 

LS138 

LS139 

LS147 


*4028 
*4028 

*4028 

4555 

*4532 


LS 
LS 

LS 

LS/CMOS 

LS 


16 
16 

16 

16 

16 


HC1 54 
HC237 

HC451 1 

HC4514 
HC4543 


4-to-1 6 Decoder 


LS154 
*LS137 

*(LS46- 
LS49) 

*(LS46- 
LA49) 


♦4514 
*4028 

451 1 

4514 
4543 




LS 


24 
16 

16 

24 
16 




1-of-8 Decoder/Demultiplexer 

with Latched Inputs 
BCD-to-7-Segment 

Latch/Decoder/Driver 
4-Bit Latch/4-to-1 6 Line Decoder 
BCD-to-7 Segment 

Latch/Decoder/Driver 

for Liquid-Crystal Displays 


LS/CMOS 

CMOS 
CMOS 





BUS-COMPATIBLE DEVICES 



HC173 
HC240/ 
HCT240 
HC241/ 
HCT241 
HC242 

HC243 


4-Bit D-Type Register, 3-State 

Octal Buffer/Line Driver/Line Receiver, 

3-State, Inverting Output 
Octal Buffer/Line Driver/Line Receiver, 

3-State 

Quad 3-State Bus Transceiver, 

Inverting Output 
Quad 3-State Bus Transceiver 


LS173 
LS240 

LS241 

LS242 

LS243 


4076 


LS/CMOS 
LS 

LS 

LS 


16 
20 

20 

14 




LS 


14 


HC244/ 
HCT244 
HC245/ 
HCT245 
HC251 
HC253 
HC257 


Octal Buffer/Line Driver/Line Receiver, 
3-State 

Octal Bus Transceiver, 3-State 
8-lnput Multiplexer, 3-State 
Dual 4-lnput Multiplexer, 3-State 
Quad 2-lnput Data Selector/Multiplexer, 
3-State 


LS244 

LS245 

LS251 
LS253 
LS257 




LS 
LS 
LS 

LS/CMOS 
LS 


20 

20 

16 
16 
16 


*4512 
*4539 
♦4519 


HC299 

HC354 
HC356 
HC365 

HC366 


8-Bit Universal Shift/Store Register, 

3-State 
8-lnput Multiplexer, 3-State 
8-lnput Multiplexer, 3-State 
Hex 3-State Bus Driver 

with Common 2-lnput NOR Enable 
Hex 3-State Bus Driver 

with Common 2-lnput NOR Enable, 

Inverting Output 


LS299 

LS354 
LS356 
LS365A 

LS366A 


*4094 

*4512 
*4512 


LS 
LS 


20 

20 
20 
16 

16 


LS 
LS 

LS 


HC367 
HC368 


Hex 3-State Bus Driver with Separate 

2-Bit and 4-Bit Sections 
Hex 3-State Bus Driver with Separate 

2-Bit and 4-Bit Sections, 


LS367A 
LS368A 


4503 


LS/CMOS 
LS 


16 
16 




Inverting Output 










HC373/ 
HCT373 
HC374/ 
HCT374 
HC533 


Octal Transparent Latch, 3-State 


LS373 
LS374 
LS533 




LS 
LS 


20 
20 
20 


Octal D-Type Flip-Flop, 3-State 
Octal D-Type Transparent Latch, 




LS 




3-State, Inverting Output 




■ 
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High-Speed 
Device 
Number 
MC74/MC54 


Function 




Functional 
Equivalent 
LSTTL Device 
74/54 


Functional 
Equivalent 
CMOS Device 
MC1XXXX or 
CDXXXX 


Direct Pin 
Compatibility 


Number of 
Pins 


BUS-COMPATIBLE DEVICES (continued) 


HC534 
HC540 
HC541 
HC563 
HC564 


Octal D-Type Flip-Flop, 3-State, 

Inverting Output 
Octal Buffer/Line Driver/Line Receiver, 

3-State Inverting Outputs 
Octal Buffer/Line Driver/Line Receiver, 

3-State 

Octal Transparent Latch, 3-State, 

Inverting Output 
Octal D-Type Flip-Flop, 3-State, 

Inverting Output 


LS534 
LS540 
LS541 
LS576 
LS580 




LS 
LS 
LS 
LS 
LS 


20 
20 
20 
20 
20 


HC573 
HC574 
★ HC589 

HC595 

HC640 


Octal Transparent Latch, 3-State 
Octal D-Type Flip-Flop, 3-State 
8-Bit Parallel-to-Serial Shift Register 

with Input Latches, 3-State 
8-Bit Serial-to-Parallel Shift Register, 

3-State 

Octal Bus Transceiver, 3-State 


LS573 
LS574 
•LS597 

LS595 

LS640 


*4014or 

4021 
♦4034 


LS 
LS 

LS 
LS 


20 
20 
16 

16 

20 


HC643 
HC646 

HC648 


Octal Bus Transceiver, 3-State 
Octal Bus Transceiver and Register, 
3-State 

Octal Bus Transceiver and Register, 
3-State 


LS643 
LS646 

LS648 




LS 
LS 

LS 


20 
24 

24 



TTL INPUT COMPATIBLE DEVICES 



HCT138 


1-of-8 Decoder/Demultiplexer 


LS138 


*4028 


LS 


16 


HCT240 


Octal Buffer/Line Driver/Line Receiver, 


LS240 




LS 


20 




3-State, Inverting Output 










HCT241 


Octal Buffer/Line Driver/Line Receiver, 


LS241 




LS 


20 




3-State 










HCT244 


Octal Buffer/Line Driver/Line Receiver, 


LS244 




LS 


20 




3-State 










HCT245 


Octal Bus Transceiver, 3-State 


LS245 




LS 


20 


HCT373 


Octal D-Type Transparent Latch, 


LS373 




LS 


20 




3-State 










HCT374 


Octal D-Type Flip-Flop, 3-State 


LS374 




LS 


20 


MULTIPLEXERS (ANALOG AND DIGITAL) 


HC151 


8-Channel Digital Multiplexer 


LS1 51 


*451 2 


LS 


16 


HC1 53 


Dual 4-Channel Digital Multiplexer 


LS1 53 


4539 


LS/CMOS 


16 


HC157 


Quad 2-lnput Data Selector/Multiplexer 


LS1 57 


*4519 


LS 


16 


HC158 


Quad 2-lnput Data Selector/Multiplexer, 


LS158 




LS 


16 




Inverting Output 










HC251 


8-lnput Multiplexer, 3-State 


LS251 


*451 2 


LS 


1 6 


HC253 


Dual 4-lnput Multiplexer, 3-State 


LS253 


*4539 


LS/CMOS 


16 


HC257 


Quad 2-lnput Data Selector/Multiplexer, 


LS257 


*451 9 


LS 


16 




3-State 










HC298 


Quad 2-lnput Multiplexer with Storage 


LS298 




LS 


16 


HC354 


8-lnput Multiplexer, 3-State 


LS354 


*451 2 


LS 


20 


HC356 


8-lnput Multiplexer, 3-State 


LS356 


"4512 


LS 


20 


HC4016 


Quad Analog Switch 




4016 


CMOS 


14 


HC4051 


8-Channel Analog 




4051 


CMOS 


16 




Multiplexer/Demultiplexer 










HC4052 


8-Channel Analog 




4052 


CMOS 


16 




Multiplexer/Demultiplexer 










HC4053 


8-Channel Analog 




4053 


CMOS 


16 




Multiplexer/Demultiplexer 










HC4066 


Quad Analog Switch 




4066 


CMOS 


14 
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Functional 






High-Speed 






Functional 


Equivalent 


Direct Pin 


Number of 


Device 


Function 


Equivalent 


CMOS Device 


Compatibility 


Pins 


Number 






LSTTL Device 


MClXXXXor 




MC74/MC54 






74/54 


CDXXXX 






MULTIPLEXERS (ANALOG AND DIGITAL) (continued) 


★ HC4316 


Quad Analog Switch 






*4016 




1 6 




with Level Translator 










★ HC4351 


Quad Analog Multiplexer/Demultiplexer 




*4051 




18 




with Latched Select Inputs 










★HC4352 


Dual 4-Channel Analog 




*4052 




18 




Multiplexer/Demultiplexer 












with Latched Select Inputs 










★ HC4353 


Triple 2-Channel Analog 




*4053 




18 




Multiplexer/Demultiplexer 












with Latched Select Inputs 
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Motorola is introducing a range of 3n High-Density CMOS Gate Arrays, with gate 
counts from 600 to 6000 gates. 4 parts will be introduced in 1 983 and 2 more in 
1984. 

Key features of the range are: 

• System speed similar to LSTTL 

• Low power consumption 

• Option of CMOS or LSTTL compatible inputs 

• Output drive capability of 1 LSTTL loads 

• Simple design procedure 

Design of the gate arrays is a very simple procedure, using the Motorola CAD system. 
This system has all of the design aids necessary for the designer to simulate his design, 
automatically place and route the circuit, complete an accurate timing analysis and 
prepare a test program for testing the finished product. 

The CAD system is an improved version of the system which has been successfully 
used for several years for the design of Motorola ECL and TTL Macrocell Arrays. The 
same design system can be used for all three technologies. The designer needs no 
knowledge of I.C. design or computer programming to design a Motorola Gate Array. 

The designer works in his own office using a simple printing terminal with Modem or 
acoustic coupler, and connects to the Motorola computer by dialling the nearest 
Motorola Sales Office. From here, connection to the Motorola computer in Phoenix, 
Arizona, is over the Motorola worldwide communications network. 

Using a comprehensive library of SSI and MSI functions, the designer describes his cir- 
cuit as a list of functions and interconnections which then becomes the input to the 
CAD system. 

Future plans include the addition of analog and memory functions, and using a 2n 
HCMOS process which will increase speed. 

For further information on the Motorola range of CMOS, TTL and ECL Arrays, contact 
your nearest Motorola Sales Office. 
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® 



MOTOROLA 



MC14046B 



PHASE-LOCKED LOOP 

The MC14046B phase-locked loop contains two phase compara- 
tors, a voltage-controlled oscillator (VCO), source follower, and 
zener diode. The comparators have two common signal inputs. 
PCAj n and PCBj„. Input PCA; n can be used directly coupled to large 
voltage signals, or indirectly coupled (with a series capacitorl to 
small voltage signals. The self-bias circuit adjusts small voltage signals 
in the linear region of the amplifier. Phase comparator 1 (an exclu- 
sive OR gate) provides a digital error signal PC1 out , and maintains 
90° phase shift at the center frequency between PCAj n and PCBj n 
signals (both at 50% duty cycle). Phase comparator 2 (with leading 
edge sensing logic) provides digital error signals PC2 0U t and PCP ou t, 
and maintains a 0° phase shift between PCAj n and PCBj n signals 
(duty cycle is immaterial). The linear VCO produces an output signal 
VC0 0U , whose frequency is determined by the voltage of input 
VCO; n and the capacitor and resistors connected to pins C1a. C1b. 
R1, and R2. The source-follower output SF out with an external re- 
sistor is used where the VCOj n signal is needed but no loading can be 
tolerated. The inhibit input Inh, when high, disables the VCO and 
source follower to minimize standby power consumption. The zener 
diode can be used to assist in power supply regulation. 

Applications include FM and FSK modulation and demodulation, 
frequency synthesis and multiplication, frequency discrimination, 
tone decoding, data synchronization and conditioning, voltage-to- 
frequency conversion and motor speed control. 

• VCO Frequency = 1 .4 MHz Typical @ V DD » 10Vdc 

• VCO Frequency Drift with Temperature = 0.04%/°C Typical 
@ Vqd= lOVdc 

• VCO Linearity = 1% Typical 

• Quiescent Current » 5 nA/package typical @ 5 Vdc 

• Low Dynamic Power Dissipation - 70 uW Typical @ fn, = 10 kHz, 
Vqd ' 5.0 Vdc, R1 = 1.0 MS2, R2 = •», RsF =" 

• Buffered Outputs Compatible with MHTL and Low-Power TTL 

• Diode Protection on All Inputs 

• Supply Voltage Range » 3.0 to 18 Vdc 

• Pin-for-Pin Replacement for CD4046B 

• Phase Comparator 1 is an Exclusive Or Gate and is Duty 
Cycle Limited 

• Phase Comparator 2 switches on Rising Edges and is not 
Duty Cycle Limited 



CMOS MSI 

ILOW4>OWER COMPLEMENTARY 

PHASE LOCKED 
LOOP 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



PIN ASSIGNMENT 




PCB in 



V DD - Pin 16 
V S S - p i" 8 



BLOCK DIAGRAM 



Sell Bias 

Circuit 






Phaw 

Comparator 1 
















PtMM 
Comparator 2 









Voitaoa 

Controlled 
Oacillator 

(VCO) 



-Mr 



Sourca Follower 



2 PC1 ou 

13 PC2 QlJ 

I PCP 01 , 

4 VC0 

II R1 
12 R2 
6 C1 A 



-OlO £ 

-Oi5 ; 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields, however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 



is recommended that V m and V, 
constrained to the range v*ss < (V in or 



v out 



,t> < V, 



DO 



Unused inputs must always be tied to an 
appropriate logic voltage level (e.g.. either 
V<5S or V DD> Pins 6. 7, 10, It, 12, and 
15 if unused must be left open. 
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MC14046B 



MAXIMUM RATINGS (Voltages referenced toV S s> 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


-0 5 to + 18 


Vdc 


Input Voltage, All Inputs 


v,„ 


-0 5 to Vqd + 0.5 


Vdc 


DC Current Drain per Pin 


I 


10 


m Adc 


Operating Temperature Range ■ AL Device 
CL/CP Device 


t a 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS 









Tlow' 


25<>C 


'h 


a 

gh 




Characteristic 


Symbol 


Vdc 


Min 


Max 


Min 


Tun 

• yp 


Max 


Min 


Max 


Unit 


Output Voltage "0" Level 


Vol 


5.0 


- 


0.05 


- 





0.05 




0.05 


Vdc 


v in ' v 00 °' 




10 


- 


0.05 







0.05 


~ 


0.05 








15 




0.05 







0.05 




0.05 




"1" Level 


Voh 


5 


4.95 




4.95 


5.0 




4.95 




Vdc 


Vi„-0orV DD 




10 


9.95 


- 


995 


10 




9.95 










IS 


14.95 


- 


14.95 


15 


- 


14.95 


- 




Input Voltage" "0" Level 


V|L 


















Vdc 


(Vq = 4.5 or 0.5 Vdc) 




5.0 




15 


_ 


2.25 


1.5 




1 .5 




(Vq - 9-0 or 1 .0 Vdc) 




10 


— 


3.0 


— 


4.50 


3.0 


— 


3.0 




IV - 13.5 or 1.5 Vdc) 




15 


- 


4 




6 75 


4.0 


_ 


4.0 




"1" Level 


V|H 




















(Vq = 0.5 or 4.5 Vdcl 




5.0 


3.5 




3.5 


2.75 




3.5 




Vdc 


IVg * 10 or 9.0 Vdc) 




10 


7.0 




7.0 


5.50 




7.0 


_ 




IVo - 1 5 or 13.5 Vdcl 




15 


_1T0 — 




"° 


— 8^25 — 




11.0 


_ 




Output Drive Current (AL Device) 


'oh 


















mAdc 


(V H ■ 2 5 Vdcl Source 


50 


—1.2 




-1 .0 


-1.7 




-0.7 


- 


IVoh " 4.6 Vdcl 




50 


-0.25 




-0.2 


-0.36 




-0 14 


- 




(V OH - 9.5 Vdcl 




10 


-0.62 




-0.5 


-0.9 




-0.35 


- 




(V OH - 13.5 Vdcl 




15 


-18 




-16 


-3.5 




-1 .1 






(Vol " 0.4 Vdcl Sink 


'OL 


5.0 


0.64 




51 


0.88 




0.36 




mAdc 


(Vol " 05 Vdc > 




10 


1.6 




1.3 


2.25 




09 






(Vql ■ 1 5 vdc) 




15 


4.2 




3.4 


8.8 




2.4 






Output Drive Current (CL/CP Devicel 
[Voh " 2 5 Vdcl Source 


'OH 


















mAdc 




5 


-1.0 




-0.8 


-1.7 




-0.6 






IVqh " 4 6 Vdcl 




5 


-0.2 




-0.16 


-0.36 




-0.12 






(V H -9.5 Vdcl 
(V 0H - 13.5 Vdc) 




10 
15 


-0.5 
-1.4 




-04 

-1.2 


-09 
-3.5 




-0.3 
-1.0 






(Vol " 0.4 Vdcl Sink 


lOL 


5.0 


0.52 




0.44 


088 




0.36 




mAdc 


(v l • o-s vdc) 




10 


1.3 




1.1 












IV 0L " 15 Vdcl 




15 


3 6 




3.0 












Input Current (AL Devicel 


'in 


15 




tO 1 




±0 00001 


101 




t 1.0 


MAdc 


Input Current (CL/CP Device) 




16 




10.3 




+ 00001 


♦03 








'in 








iVO 


(iAdc 


Input Capacitance 
IV in ■ 01 


Cin 










5 


7.5 






pF 




















Quiescent Current (AL Device) 


ioo 


50 




5 




0.005 


5 




150 


w Adc 


(Per Package) 


10 




10 




0.010 


10 




300 




(Inh - "1" end PC A -"1") 




15 




20 




0.015 


20 




GOO 




Quiescent Current (CL/CP Device) 


IDD 


5.0 




20 




0.005 


20 




150 


MAdc 


(Per Package) 




10 




40 




0.010 


40 




300 




<lnh-"1" ■ndPCA-"1"l 




15 




80 




0.015 


80 




600 




Total Supply Current t 


it 


5 




It ■ 11.46 «A/kHzl f + Inn 


>jAdc 


(Inh - "0", l„ - 10 kHl, C L - 50 pF, 




10 






l T - 12.91 eA/kHzl f + inn 








R1 - 1 Mf), R2 - -, R S F - -, and 




15 






It = 14.37 uA/kHzl I ♦ | DD 








50% Duty Cycle) 























" T low ■ -55°C for AL Device, -40°C for CL/CP Device 
Thigh " +125°C for AL Device, +85°C for CL/CP Device 

"Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level - 1 Vdc min @ Vqd * 5-0 Vdc 



2.0Vdcmin<av DD • 10 Vdc 

2.5 Vdc min @ Vqd ■ 15 Vdc 

f To Calculate Total Currant in General: 

, T .2.2,V DD (vCOin-1.65^ VDD^' 35^3/4 + 1.6 . (^J 3/4 + 1 , 1Q-3 IC L + 9. V D0 . + 

1 x 10-' v DD 2 / 10 ° •* Dl "v c »d e ° f p C A in\ , where: l-r in uA, Cl in pF, VCOj n , Vpp in Vdc, f in KHz, and 
\ 100 / R1.R2,R SF inMn.C L on VCOout 
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E LECTRICAL CHARACTERISTICS' (C L - 50 P F, T A = 2S U CI 









Minimum 




Maximum 








voo 


AL 


CL/CP 


Typical 


AL 


CL/CP 




Characteristic 


Symbol 


Vdc 


Device 


Device 


All Types 


Device 


Device 


Units 


Output Rise Time 


•TLH 














ns 


'TLH = I3.0 ns/pF) C L • 30 ns 




50 






180 


350 


400 




'TLH = (1.5 ns/pF) C L * 15 ns 




10 






90 


150 


200 




<TLH - 11.1 ns/pF) C L * 10 ns 




15 






65 


110 


160 




Output Fall Time 


'THL 














ns 


'THL » H.5 ns/pF) C L + 25 ns 




50 






100 


175 


200 




'THL ' 10.75 ns/pF) C L ♦ 12.5 ns 




10 






50 


75 


100 




'THL ' 10.55 ns/pFI C|_ + 9.5 ns 




15 






37 


55 


80 




PHASE COMPARATORS 1 and 2 


Input Resistance - PCA. n 


R,n 


5.0 
10 
15 


10 
02 
1 


1.0 
02 
1 


2 
04 
2 






MS! 


PCB, n 


R m 


15 


150 


15 


1500 






Mil 








Minimum Input Sensitivity 


v,„ 


5.0 






200 


300 


400 


mV p p 


AC Coupled - PCA, n 




10 






400 


600 


800 




C series - 1000 pF, f - 50 kHz 




15 






700 


1050 


1400 




DC Coupled - PCA in , PCB,„ 




5 to 15 






See Noise 


mmunity 






VOLTAGE CONTROLLED OSCILLATOR (VCOI 


Maximum Frequency 


•max 


50 


050 


0.35 


70 






MHz 


(VCO,„ « VrjD C1 = 50 pF. 
R1 » 5 k!;. and R2 - - 1 




10 


10 


0.7 


1.4 










15 


1.4 


10 


1 9 








Temperature F requency Stability 




50 






12 






°i;°c 


IR2 = -1 




10 
15 






004 
0015 








Linearity (R2 - ") 
















% 


(VCO, n = 2 50 V • 30 V. R1 10k!>] 




50 






1 








I VCO in = 5 00 V • 2.50 V. R1 .-■ 400 kill 




10 






1 








IVCO,„ s 7.50 V s 5.00 V. R1 S 1000 k!l) 




15 






1 








Output Duty Cycle 




5 to 15 






50 








Input Resistance - VCO in 


Bin 


15 


150 


50 


1500 






Mil 
















SOURCE FOLLOWER 
















Offset Voltage 




50 






1 65 


2 2 


" 


Vdc 


(VCO, n minus SF out . Rgp > 500 kit) 




10 
15 






1.65 
1 65 


2.2 






Linearity 


















1 VCO.n " 2.50 V ! 30 V, Rsf > 50 kill 




SO 






1 








( VCO,„ = 5.00 V • 2 50 V. R s p > 50 kill 




10 






06 








(VCO in • 7 50 V t 5.00 V, R SF > 50 kill 




15 






08 








ZENER OIOOE 


Zener Voltage (l 2 - 50>iA) 


v z 




6 7 


63 


7 


7.3 


7.7 


Vdc 


Dynamic Resistance (l z = 1 mAI 


"z 








100 






11 















' The formulae given are for the typical characteristics only. 
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FIGURE 1 - PHASE COMPARATORS STATE DIAGRAMS 
PHASE COMPARATOR 1 



Input State 




FIGURE 2 - DESIGN INFORMATION 



Characteristic 


Using Phase Comparator 1 


Using Phase Comparator 2 


No signal on input PCA m . 


VCO in PLL system adjusts to center frequency 
<f > 


VCO in PLL system adjusts to minimum fre- 
quency (f m i n ). 


Phase angle between PCA m and PCB in . 


90° at center frequency (1q), approaching 0° 
and 180° at ends of lock range (2f L >. 


Always 0* in lock (positive rising edges). 


Locks on harmonics of center frequency. 


Yes 


No 


Signal input noise rejection. 


High 


Low 


Lock frequency range (2fi_>. 


The frequency range of the input signal on which the loop will stay locked if it was 
initially in lock. 2fi_ - full VCO frequency range - i max - f mm . 


Capture frequency range (2fc). 


The frequency range of the input signal on which the loop will lock if it was initially 
out of lock. 


Depends on low-pass filter characteristics 
(see Figure 3). f c < f|_ 


«C-«L 


Center frequency (fn,)- 


The frequency of VC0 out , when VCO in - 1/2 V DD 


VCO output frequency (f). 

Note: These equations are intended 
to be a design guide. Since calculated 
component values may be in error 
by as much as a factor of 4, labor- 
atory experimentation may be re- 
quired for fixed designs. Part to part 
frequency variation with identical 
passive components is lass than 
±30%. 


* min " „ '„ c , (V C0 input -V SS ) 
R2lCi+32pF) 

•max . . 1 + f min (Vco '"out - Vrjo) 

RilCi +32 pF) 

Where: 10K < R, < 1M 
10K < B 2 < 1M 
lOOpF <d < .01 siF 
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FIGURE 3 - GENERAL PHASE LOCKEO LOOP CONNECTIONS AND WAVEFORMS 

9 I 1 SF " 



PCA>„ _14^ 
> F r*Qu*ncv f" 



Pha*e 


2 or 13 


External 




9 








Compactor 


PCl out 
or 


Filter 







Source 
Followtr 



vco 

11 12 6 



p C2 ou , 




f~~ External 

-I ' N r*~ 

L J-—"—'. I 



9 Fftquencv NT - f 



PHASE LOCKEO LOOP - LOW PASS FILTER DESIGN 
AW f OVCO 




" N = [/-NfllC 



FI8) 



1/ ««<vco 

N ^ NCIR1 + R2I 



F(s) =- 



R2CS + 1 



StRlC + R2C) + 1 



NOTE: Sometimes R1 is split into two series resistors each R1 + 2. A capacitor Cc is then placed from the midpoint to ground to further filter 
*v and *r. The value for Cc should be such that the comer frequency of this network does not significantly affect 0)n- 

DEFINITIONS: N = Total Division Ratio in feedback loop 
K(j = Vdo/4ji for Phase Comparator 1 
K(j = Vdd/4t[ for Phase Comparator 2 



- 2n ofyco 
AV VC0 



PCA in 
p CB in 



Kvco 

AVyCO 

for a typical design (0 N - 2 "" (at phase detector input) 
10 

; ■ 0.707 



j L_rnz VO L 

vco,„ 



vss 

VOH 



"OH 

Vol 

— Voh 

— vol 



PCA i( 
PCB ir 

PCP ou , 

PC2, 





Phate Comparator 2 














.' I f 


\ L 








J \ 















Note: for further information, see: 

(1) F. Gardner, "Phase-Lock Techniques", John Wiley and Son. New York, 1966. 
12) Garth Nash, "Phase-Lock Loop Design Fundamentals", AN-535. Motorola Inc. 



vco in 



- VqD 

. vss 

- V OH 

■ vol 
v h 

vol 
voh 

-vol 
— Voh 



— vol 
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BIT RATE GENERATOR 

The MC14411 bit rate generator is constructed with complementary 
MOS enhancement mode devices. It utilizes a frequency divider net- 
work to provide a wide range of output frequencies. 

A crystal controlled oscillator is the clock source for the network. A 
two-bit address is provided to select one of four multiple output clock 
rates. 

Applications include a selectable frequency source for equipment in 
the data communications market, such as teleprinters, printers, CRT 
terminals, and microprocessor systems. 

• Single 5.0 Vdc (±5%) Power Supply 

• Internal Oscillator Crystal Controlled for Stability (1.8432 MHz) 

• Sixteen Different Output Clock Rates 

• 50% Output Duty Cycle 

• Programmable Time Bases for One of Four Multiple Output Rates 

• Buffered Outputs Compatible with Low Power TTL 

• Noise lmmunity = 45% of Vdd Typical 

• Diode Protection on All Inputs 

• External Clock May be Applied to Pin 21 

• Internal Pullup Resistor on Reset Input 



MAXIMUM RATINGS IVoliages referenced to v ss . Pin 12 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage Range 


vdd 


5.25 to -0.5 


V 


Input Voltage, All Inputs 


V,n 


Vdd + 0-5 to 

Vss-O.5 


V 


DC Current Drain per Pin 


i 


10 


mA 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



Rate SelectA 23 O— 
Rate Selects 22 O- 



BLOCK DIAGRAM 



Crystals 21 O- 

•Crystal ou , 20 O- 

* * 

Reset 10 o- 



Oscillator 
Circuit 



* See Figure 2 for typical 
crystal oscillator circuits. 

* * When Reset = 0. outputs F1 thru F14 = 0, outputs F15 and F16= 1. 



Rate 
Select 
Logic 



Dividers 



-O 1 


F1 


-O 17 


F2 


-O 2 


F3 


-Ol6 


F4 


-03 


F5 


-015 


F6 


-04 


F7 


-05 


F8 


-O 7 


F9 


-O 6 


F10 


-08 


F11 


-Ol4 


F12 


-o13 


F13 


-09 


F14 


-0 18 


F15 


-019 


F16 



1 



MC14411 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSI 

BIT RATE GENERATOR 



L SUFFIX 

CERAMIC PACKAGE 

CASE 623 




P SUFFIX 

PLASTIC PACKAGE 

CASE 709 24 



F1[ 1 
F3[ 2 
F5[ 3 
F7[ 4 
F8[ 5 
F10[ 6 
F9[ 7 
F11£ 8 
F14[ 9 
Reset [ 10 
Not Used [ 1 1 
V S sC '2 



PIN ASSIGNMENT 



]V D D 

1rs a 

22 ] RS B 
21 IXtal in 
20 1 Xtal ou , 
19 ] F16 
18 ] F15 
17 JF2 
16 ]F4 



]F6 

]F12 

]F13 



V DD = Pin 24 
V ss =Pin 12 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. For proper operation it is 
recommended that Vj n and V oul be con- 
strained to the range Vss^(Vj n or 
Vout'sV DD . 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or Vdd'- 
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ELECTRICAL CHARACTERISTICS 



Characteristic 




Vdd 


-40°C 


26 C 


+ 85°C 


Unit 


Symbol 


Vdc 








Typ 


Max 




Max 


Supply Voltage 


* DO 




4 75 


5 25 


4 75 


5 


5.25 


4.75 


5.25 


V 


WUlpUl VU'layc U Level 




5 




0.06 






05 




05 


V 


1 — eyel_ 


v out 


5 


4.95 


~ 


4.95 


5.0 




4.95 




v 


Input Voltage 






















(Vo = 4.5 or 0.5 VI 


V|L 


5.0 


- 


1.5 




2.25 


1.5 


- 


1.5 


V 


IV O = 0.5 or 4.5 Vdcl 


V| H 


6.0 


3.5 


- 


3.5 


2.75 




3.5 


- 


V 


Output Drive Current 




























-0.23 




-0.20 






-0.16 




mA 


(V H = 2-5VI Source 


lOH 


5.0 


_ 


-1.7 




- 


(Vol = 0.4 V) Sink 


lOL 


50 


0.23 




0.20 


078 




0.16 


_ 


mA 


Input Current 






















Pins 21, 22, 23 


lin 


- 




±0.1 




±0.00001 


±0.1 




±10 


*A 


Pin 10 




5.0 






-1.5 




-7.5 








Input Capacitance (V m = 0) 


Qn 










5.0 








pF 


Quiescent Dissipation 


PQ 


5.0 




2.5 




0.015 


2.5 




15 


mW 


Power Dissipation" M 






















IDynamic plus Quiescent) 


Pd 


5.0 






P D = (7.5 mW/MHz) f + P Q 






mW 


(C L = 15 pF) 






















Output Rise Time" 


tTLH 


5 








70 


200 






ns 


t r = (3.0 ns/pF) Cl + 25 ns 






















Output Fall Time"" 


tTHL 


5.0 








70 


200 






ns 


tf=(1.5 ns/pF) Cl + 47 ns 






















Input Clock Frequency 


»CL 


5.0 




1.85 






1.85 




1.85 


MHz 


Clock Pulse Width 


'WICI 




200 




200 






200 




ns 


Reset Pulse Width 


tWIRI 




600 




500 






500 




ns 



TFor dissipation at different external capacitance (ClI refer to corresponding formula: 
p T<C|_=PD + 2.6x 10-3(C|_-15 pF) Vdd 2 * 
where: Pj, Pd in mW, C[_ in pF, Vqd in Vdc, and f in MHz. 
"The formula given is for the typical characteristics only. 



TABLE 1 - OUTPUT CLOCK RATES 



Rate Select 


Rate 


B 


A 








X1 





1 


X8 


1 





X16 


1 


1 


X64 





Output 


Output Rates (Hz) 






Number 


X64 


X16 


X8 


X1 




F1 


614.4 k 


153.6 k 


76.8 k 


9600 






F2 


460.8 k 


115.2 k 


57.6 k 


7200 






F3 


307.2 k 


76.8 k 


38.4 k 


4800 






F4 


230.4 k 


57.6 k 


28.8 k 


3600 






F5 


153.6 k 


38.4 k 


19.2 k 


2400 






F6 


115.2 k 


28.8 k 


14.4 k 


1800 






F7 


76.8 k 


19.2 k 


9600 


1200 






F8 


38.4 k 


9600 


4800 


600 






F9 


19.2 k 


4800 


2400 


300 






F10 


12.8 k 


3200 


1600 


200 






F11 


9600 


2400 


1200 


150 






F12 


8613.2 


2153.3 


1076.6 


134.5 






F13 


7035.5 


1758.8 


879.4 


109.9 






F14 


4800 


1200 


600 


75 






F15 


921.6 k 


921 .6 k 


921.6 k 


921 6 k 




Fie- 


1.843 M 


1.843 M 


1.843 M 


1.843 M 





"F16 Is buffered oscillator output 



2-8 



MC14411 



FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 




FIGURE 2 - TYPICAL CRYSTAL OSCILLATOR CIRCUIT 




Reset 



Rate Select 
A B 



I I i 




Crystal Specifications 

Crystal Mode 

Frequency 

R S 

CO 

Temperature Range 
Test Level 
Test Set 



Rf=15 M(l±10% 



Parallel 

1.8432 MHz ±0.06%@13 pF 
540 max 
7.0 pF max 

to 70 °C 

1 mW 



'Suggested Crystal Suppliers: 
Tyco, CTS Knights 



Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and is 
believed to be entirely reliable. However, no responsibility is assum- 
ed for inaccuracies. Furthermore, such information does not convey 
to the purchaser of the semiconductor devices described any license 
under the patent rights of Motorola Inc., or others. 
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MOTOROLA 



1 



MC14426 



SYSTEM MEMORY CIRCUIT 



TUNING MEMORY 



The MCI 4426 Memory Circuit provides the storage of the tuning 
voltage and band information for 8 TV stations when used in con- 
junction with the MCI 4429 Control Unit. 

• 8 static shift registers of 14 bit length 

• Expansion of up to 32 channels possible without external logic 

• Output available indicating address change 

• Low voltage (1 volt) technology requires a single cell battery as 
back up power source 

• Extremely low power consumption 



(LOW-POWER COMPLEMENTARY MOS) 

TUNING MEMORY SYSTEM 
MEMORY CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



FIGURE 1 - MC14426 BLOCK DIAGRAM AND PIN-OUT 



CLOCK 
CONTROL 



INPUT OUTPUT 
CONTROL 



ENVELOPE 
DETECTOR 



ADDRESS 
DECODER CONTROL 




31 



KBIT MEMORY 



"JJgr 



DATA OUTPUT 
DATA INPUT 





Supply OK VqD 




16 




Address 
Change out. 




■15 




Memory copy 


A 




14 




Data in 


B 




13 




Data out 


C 




12 


6 E= 


Clock 


□ 




11 


7 cz: 


E' 


D* 




10 




v S s 


E 




9 
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MAXIMUM RATINGS (Ta = 25 °C) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


+6 to -0.5 


Vdc 


Input Voltage, All inputs 


v in 


Vqq to -0.5 


Vdc 


DC Current drain per pin 


i 


10 


mA 


Operating Temperature Range 


ta 


to +70 


°C 


Storage Temperature Range 


T s tg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS (T A = to 70 °C) Voltages referenced to Vss. Pin 8 



Characteristic 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating Supply Voltage 


vdd 


4.0 


5.2 


6.0 


Vdc 


Standby Supply Voltage 1 


vdd 


1.2 


1.5 


6.0 


Vdc 


Quiescent Current 


(V DD =1.5V) 
(V DD = 5V) 


idd 




0.008 
0.5 


2.0 
15.0 


uAdc 


Input Voltage 


(V D D = 5V) 


V|L 
V|H 


4.5 




0.5 


Vdc 


Input Voltage 


(V DD = 5V) 


VlL 
Vj H 


4.0 




1.0 


Vdc 


Input Current all Inputs Except Pin 3. 



(Vdd - 5 vi 


l|N 




10 




pAdc 


Input Current 2 




(V DD = 5 V) 


'IN 


~tJB 




-3.0 


-6.0 


MAdc 


Input Capacitance all Inputs 


(V| N -0 V) 


C|N 




5.0 


12.0 


pF 


Output Current all Outputs (sinking) 


(V OL = 0.4 V) 


lOL 


0.4 






mAdc 


Three State Output 
Leakage Current (sinking! 


(V DD = 5V) 


'tl 




±0.001 


±5.0 


MA 


Clock Input Frequency 


(v D d = 5 v) 


fmax. 
^min. 


400 


700 
25 


100 


kHz 



1 Standby mode is obtained by lowering Supply OK input to V s s during a few read/write cycles. Vqq can then be lowered to its standby 
value. Pin 1 staying low. 

In Standby mode no read/write operation can be performed. 

2 An internal pull-up resistor is present on pin 3. 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that Vj n and V out be con- 
strained to the range Vss ^ ' v in or '"'out' *! ^DD- 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vss or v DDl- 
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INPUT/OUTPUT FUNCTIONS 



DATA IN/OUT — The input/output control section pro- 
vides the interface between the memory and the control 
circuit MC1 4429 via pins 5 and 4. The output network is 
active only when the chip is selected and supply OK (pin 
1 ) is at 1 . The relationship between clock and input/out- 
put signals is shown below: 



CLOCK IN 

DATA IN 
ASSUMING 
1010 . . . 
DATA OUT 
ASSUMING 
1010... 
DATA OUT 
ASSUMING 
0101 .. . 



"LTUUUUUlt 

uuuuuuu 



IZUL 



[internal 
' Delay ' 

(20/uS) 



If memory copy is activated 



It should be noted that the memory copy information 
on pin 3 input is inserted into the serial data transfer line 
which goes to the control circuit during period Tj. 



MEMORY COPY — This input is controlled by connecting 
pin 3 to VSS (ground), which in turn holds down the 
memory output signal during period T2- This function 
allows to transfer the content of the 14 bit shift register 
of the control circuit MCI 4429 into any memory loca- 
tion as long as this command is present. 
Its utilisation is two-fold: 

— To resume search for a TV station starting from the 
last selected station rather than from a random tuning 
voltage. 

— To copy the content of a shift register into a different 
location. This permits to change the order of TV 
programs according to the user wish. 



SUPPLY OK — In case of power failure this input (pin 1) 
is used to deactivate all functions of the chip so that no 
data is lost, rpovided that Vqd is held at 1 volt minimum. 
(See note 1.) 

The supply OK signal is enabled in such a way that 
deactivation during transfer of information is prevented. 



ADDRESS INPUTS - To select the 8 memory words 
only three A, B, C address bits are required, (pins 14, 
13, 12.) 




Channel 


A 


B 


c 


1 











2 


1 








3 





1 





4 


1 


1 





5 








1 


6 


1 





1 


7 





1 


1 


8 


1 


1 


1 



CHIP SELECT — To facilitate the parallel connection of 
several MC14426 memory circuits, four additional inputs 
D, D*, E, E* are provided for chip select. 
The truth table of chip select inputs is given below. 



Chip Selected 


Channel 


D 


D* 


E 


E* 


1 


1 to 8 














2 


9 to 16 


1 


1 








3 


17 to 24 








1 


1 


4 


24 to 32 


1 


1 


1 


1 


None 




Any other combination 



D* and E* are programming inputs of the chip select 
network and are normally connected to Vss or VrjD- 
The logic levels on these inputs specify the levels of the D 
and E inputs for chip selection. 
The chip is selected if D = D* and E = E*. 
As shown in the above truth table up to four circuits 
(32 channels) can be connected in parallel without ex- 
ternal decoding. 

CLOCK IN - (pin 6) See MC14429 data sheet. 

ADDRESS CHANGE — An additional function (pin 1 5) is 
available to mute the sound section of the TV set during 
each address change. The 400msec. one-shot on the 
control circuit (MC14429I provides this feature. This 
one-shot is triggered by the address change signal sup- 
plied by the memory circuit. If the address is changed, 
the AC signal appears on the leading edge of the internal 
strobe pulse and lasts one (Ti +T2) cycle. 
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TUNING MEMORY SYSTEM CONTROL CIRCUIT 



The MC14429PB control circuit will perform the following func- 
tions when used in conjunction with the MC14426 Memory and 
the UAA1008A/C Linear Processors: 



LC Clock generator 

Underflow protected UP/DOWN Counter providing information 
for memory 

Rate multiplier for D/A conversion 

Shift register for memory data access and storage of new data 
2.3 or 4 TV band counter with automatic or manual switching 
Control section for automatic or manual TV station search 
Automatic volume muting control during each search and pro- 
gramme change 



(LOW-POWER COMPLEMENTARY MOS) 

TUNING MEMORY SYSTEM 
CONTROL CIRCUIT 












PB SUFFIX 

PLASTIC PACKAGE 
CASE 707 



FIGURE 1 - MC14429PB BLOCK DIAGRAM AND PIN-OUT 
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MAXIMUM RATINGS (T A = 25 °C) 



DC Supply Voltage 



Input Voltage, All inputs 



DC Current Drain per Pin 



gT, 



emperature Range 



Storage Temperature Range 



VDD 



'stg 



V DD to — °- 5 



10 




-65 to +150 



mA 





ELECTRICAL CHARACTERISTICS (T A = to 70 °C) Voltages referenced to V S S. 9 



Characteristic 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Power Supply Operating Range 


VDD 


4.95 


5.2 


6 


Vdc 


Input Current, Alt Inputs (except pins 5, 7) 


<in 




10 




pAdc 


Enable Output Current 


(VOH = 


VDD - 


0.4 V) 


'OH 


280 






(jAdc 




(Vol = 


0.4 VI 




'OL 


280 








Band Switching Output Current 


(VOH = 


VDD - 


0.4 VI 


lOH 


280 






(iAdc 




(Vol = 


0.4 VI 




lOL 


280 








Other Output Currents 


(VOH = 


VDD - 


0.4 VI 


lOH 


280 






MAdc 




(Vol = 


0.4 VI 




lOL 


280 








One Shot Output, Search & Mute (see 1 ) 


(Vol = 


0.4) 




'OL 


280 






dA 


Oscillator 


(VOH = 


VDD - 


-0.4 V) 


lOH 


160 






UA 




(Vol = 


0.4V) 




lOL 


160 








Power Dissipation @> 300 kHz 


pd 




7.5 




mW 


Oscillator Frequency 




50 




350 


kHz 



1 An external pull-up resistor must be provided on pin 7. 

BAND SELECTION LOGIC TABLE 



Band 


Pin 14 


Pin 13 


Ramp Speed 1 


UHF 








7 sec. 


VHF 1 


1 





7 sec. 


VHF 3 





1 


7 sec. 


CABLE 


1 


1 


7 sec. 
■ 



Band Skip 


Connect 


CABLE 


Pin 2 to Pin 13 


VHF 3 & CABLE 


Pin 2 to Pin 14 



1 At 300 KHz Clock frequency 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is 
advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. For proper operation it is recommended that V jn and V out be constrained to the range V ss < (V jn or V out ) 

<v DD . 

Unused inputs must always be tied on an appropriate logic voltage level (e.g., either V ss or V DD ). 
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INPUT/OUTPUT FUNCTIONS 



CLOCK OUT - Clock pulses (PIN 1) control the transfer 
of data between the MC14429A control chip and the 
MC14426 memory chip via pins 4 and 17. For best system 
performance the oscillator circuit should generate a pulse 
train of approximately 300 KHz, however frequency value 
is not critical. 

The clock out signal timing is shown below. 

T,«1/f(15) T 2 -1/f(40S6-15) 




f = Oscilfator frequency; 

Rate Multiplier; 
T| = Shift Cycle. 



BRM OUTPUT - The binary rate multiplier output is 
available on pin 10. 

The binary word cycle is approximately 13 msec for a 
clock frequency of 300 KHz (3.3 Msec pulse width). The 
output provides pulses symmetrically spaced to facilitate 
the filtering when doing D/A conversion. 
In the block diagram of Figure 1. the least significant bit 
is to the right. Bits 13 and 14 represent band information, 
therefore overflow of the rate multiplier control word 
automatically increments band information. 

SEARCH & MUTE - Search mode is initiated by pre- 
senting a on pin 7. For trouble free operation the signal 
on pin 7 is debounced internally on both edges for 
13 msec. As soon as search is initiated and the debounce 
cycle is terminated this pin becomes an output for the 
mute signal which is available during the whole cycle. The 
search cycle ends when a valid station is found and the 
one shot (R/C on pin 5) has timed out. The mute signal is 
available also at address change and during any other time 
the one shot is active. Each time the oneshot is reset the 
mute output will momentarily go to high and back to low 
for less than 13 msec. It is therefore recommended to 
introduce a proper time constant on this line to smooth 
out the mute function. 

Mute is also provided when supply OK input (pin 3) is 
VSS- 

Two ramp modes are present: 

1. Search mode, with a rate of change of 8 steps per clock 
cycle and a scan time of 7 seconds. 

2. Tracking mode, used for manual search or normal 
locked on conditions, with a rate of change of 1 step 
per clock cycle and a scan time of 56 seconds. 

Search mode is terminated by the simultaneous presence 
of a 1 on both inputs UP (pin 1 1) and DOWN (pin 12). 



linear processor UAA1008A. When at the Search FF, 
analyse FF and Band skip FF are all reset. The 
UP/DOWN control logic is not inhibited and a 1 on the 
UP or DOWN inputs still could modify the content of the 
shift register. 

However, due to the fact that the memory circuit does 
not send any information when Supply OK is at 0, no 
data can be modified. 

TIME BASE - This input (pin 6) receives a 1 whenever 
coincidence between fly-back and video sync signals has 
been detected by the linear processor circuit UAA1008A. 
In the search mode the presence of a 1 on pin 6 is checked 
by the analyse flip-flop set by the one shot. If time base 
information is present before the one shot is timed out 
(usually 400 msec. from ramp stop) the analyse FF is 
reset, search/mute ends and a stable situation reached. 
Should time base be when the one shot times out, 
search will resume. 

If in Memory /Normal mode, the presence of a 1 on pin 6 
will force Enable Out to low, if at Enable Out will go to 
the tristate condition. 

ENABLE OUT - This output (pin 8) is used to control 
the AFC OUT gate and UP/DOWN overlap in the linear 
processor circuit UAA1008A. 
Its truth-table is the following: 



Search FF 


Analyse FF 


Time Base IN 


Enable OUT 


(internal! 


(internal) 


(PIN 6) 


(PIN 8) 











Tristate 








1 








1 











1 


1 





1 


X 


X 


1 








X 


Tristate 



X : Don't care 

- The first line of the truth table indicates that the 
system is in its memory mode and that no TV station is 
received. 

- The second line indicates that a valid TV station is 
received and system is in its normal memory mode. 

- The third line shows the states during the "oneshot" 
period, e.g. the search function has been interrupted 
temporarily and waits for Time Base signal. 

- The fourth line is as above but Time Base is present. 

- The fifth line represents Search mode, the search FF is 
set and enable out is forced to 1 . 

- The sixth line represents Address Change, enable out 
goes tristate during the on time of the one shot. 



SUPPLY OK - An input (pin 3) is provided to ensure 
that during power failures, flash-overs, low supply volta- 
ges, etc... no memory information can be modified or lost. 
In operating conditions it should receive a 1 from the 



UP & DOWN - These two inputs (pin 1 1 & 12) have two 
modes of operation. 

When the system is in search, only the simultaneous 
presence of an UP and a DOWN signal, both of them at 1, 
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will interact with the system by stopping the search ramp. 
A 1 on only one of the two inputs does not stop search 
nor reduce search speed. Logic has been included to 
improve the "Stop process" by making it independent of 
the up and down width when both at 1. 
When the circuit is not in search, a 1 on the UP or DOWN 
inputs results in adding or subtracting a one to or from 
the content of the 14 bit shift register during each rate 
multiplier cycle. Built-in underflow protection prevents a 
band change if the digital word is zero and a DOWN com- 
mand is initiated. 

APPLICATION 



BAND CODE - Refer to band selection logic table for 

output code, (pin 13 MSB, pin 14 LSB). 

A maximum of four bands are available. Three or two 

bands only can be obtained by connecting pin 2 to pin 13 

or 14 as per band selection logic table. 

Note that no debounce network is included on pin 

2 input. Therefore, if manual band skip is required, 

provision for a bounce-free input signal has to be made. 



INFO 



RECOMMENDED OSCILLATOR CONFIGURATION 



MC 14429 
16 15 



L1 
0.5mH 

00000 ^ 



C1 
3.9 nF 



f =300 KHz 



-L C2 
-I- 560 pF 
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INPUT ADDRESS ENCODER 



The MC14430 is an integrated circuit designed for program selection 
address in TV and radio receivers by means of push button switches. 

• 8 program inputs 

• Binary coded open drain latched output 

• Push button type keyboard allows for electrical isolation in live 
chassis applications 

• Single or double keying operation possible 

• Up to four circuits can be cascaded 

• Normally closed or normally open switches can be used. 



MC14430 



CMOS 



(LOW POWER COMPLEMENTARY MOS) 
INPUT ADDRESS ENCODER 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



FIGURE 1 - MC14430 BLOCK 



DIAGRAM & PIN-OUT 









E-049 - May 1979 
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MAXIMUM RATINGS (T A = 25 °C) 



Rating 


Symbol 


Value 


Unit 










DC Supply Voltage 


V D D 


+10 to -0.5 


Vdc 


Input Voltage, All Inputs 


Vin 


VqD to _0 - 5 


Vdc 


DC Current Drain per Pin 


I 


10 


mAdc 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-66 to +150 


°c 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that V jn and V out be con- 
strained to the range V ss < (V in or V qut ) s£ V DD . 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either V ss or V DD ). 



ELECTRICAL CHA 



RACTER 



1STICS (T A = 0to 70 °C) 







Characteristics 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Operating Supply Voltage 


VDD 


4 


5.2 


6 


Vdc 


Quiescent Current per Package (Pins 16,1,2, 
3,4,5,6,7 open or grounded) V DD = 5 V 


Idd 




0.068 


10 


MAdc 














Input Voltage "O" Level 

"\" Level 


V|L 
V|H 


3.6 


2.26 
2.75 


1.5 


Vdc 


Input Current V DD = 5 V 

V;„ = 1 V 
V'- - 2 V 


'in 




2.1 
2.6 




MAdc 


V,n^5V 






2.6 


6.0 




Output Drive Current 

(v L- o-5 v) v DD = 5v 


lOL 


2.5 


6.2 




mAdc 


Output Drive Current 

(v 0L » o.5V) v DD = 5v 


lOL 


0.9 


2.25 




mAdc 



APPLICATION INFORMATION 

Incorrect encoding of the selected program number can 
occur whenever the last bounce, on opening a normally 
open switch, is 40 to 60psec. wide. Should the type of 
switch used have a characteristic within this timing, the 
switch configuration opposite is recommended. 
By pulsing the common switch line at a rate lower than 
the whole bounce period (15 msec. max.), chances of 
misfunction are reduced. 

Pulsing can be provided by a unijunction transistor 
relaxation oscillator or by a switching transistor driven 
by the vertical deflection flyback signal or others. The 
pulse width can vary between few hundred Msec, and few 
milliseconds. 



FIGURE 2 -BOU 



INCE IMMUNE 



APPLICATION 
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APPLICATION INFORMATION 



ABC 



14 13 12 
MC14430 

16 1 2 3 4 5 6 7 



TTTTTTTT 



A B C D 



■ 



M 1 12 

10 NIC 14430 

16 1 2 3 4 5 6 7 



11111111 



14 13 12 

MC14430 10 

16 1 2 3 4 6 6 7 



TTTTTTTT 



,V OD 



FIGURE 3-8 CHANNELS SINGLE KEYING FIGURE 4-16 CHANNELS SINGLE KEYING 



A B C D 



14 13 12 11 

w MC 14430 

1 1 2 3 4 5 6 7 



TTTTTTTT 

1 2 3 4 a b c d 



A B C D E 



11 12 

MC 14430 

12 3 4 5 6 7 



fTJJ mi 

I abed 



V D D 



1 



L 



14 13 12 

» MC 14430 

16 1 2 3 4 5 6 7 



TTTTTTTT 



FIGURE 5-16 CHANNELS DOUBLE KEYING FIGURE 6-32 CHANNELS DOUBLE KEYING 



"DO 



ABC 



L_ 



H « 12 

10 MC 14430 

2 3 4 5 6 7 



1 2 3 4 5 6 7 8 



V DO 



1 


1 13 1 


! 




10 


MC 14430 




16 2 3 







ALL SWITCHES NORMALLY CLOSED 



11 2 3 4 5 6 7 8 
iO |6 iO |6 lO iO jO ■( 

— 

ALL SWITCHES NORMALLY OPEN 



FIGURE 7 - PUSH BUTTON ELECTRICAL DIAGRAM 
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INPUT/OUTPUT FUNCTIONS 



SINGLE/DOUBLE KEYING - Single Keying Mode 
(SKM) is selected by connecting pin 10 to Vqd- Double 
Keying Mode (DKM) is obtained by connecting pin 10 
to ground. 

In SKM, input pins: 16, 1, 2, 3, 4, 5, 6, 7 select 
programs 1 to 8 respectively. The corresponding binary 
coded output (000 for program 1) will appear on lines 
A, B, C. Output D (pin 11) is a chip select output and 
will remain activated (at Vss) as long as the chip is 

□ selected. Refer to application information. 
In DKM, keys are divided into two groups: keys 1, 2, 3, 
4 (pin 16, 1, 2, 3) and keys a, b, c, d, (pin 4, 5, 6, 7) 
which affect output lines A, B, and C, D respectively 
(see application information). 

Keying sequence is important since output lines A and B 
are reset every time a, b, c, d are actuated. 
For example: program b3 is selected by keying b first, 
then 3. If key d is then actuated, program d1 is selected. 



POWER ON RESET - When power is switched on, 
channel 1 (or channel 1a in DKM) will be automatically 
elected. 



PRIORITY ENCODER - When two or more keys 
belonging to the same chip are activated simultaneously, 
the key having the lowest number will have priority and 
the corresponding code will be selected. 
In Double Keying Mode, key 1 has priority over keys 2,3 
and 4, key a has priority over keys b, c and d. 

MULTI CHIP SYSTEM - As long as one key is 
activated the chip select pin 9 of the corresponding chip 
is pulled to ground. 

That chip is now selected and any other chip connected 
in parallel will be disabled. 

If two or more keys belonging to different chips are 
acutated at the same time, the chip corresponding to the 
first actuated key will be selected. When releasing the 
keys, the chip corresponding to the last released key will 
remain selected. 

BINARY CODED OUTPUT - In SKM, binary coded 
program number minus one is present on lines A, B, C 
(pin 14, 13, 12). 

Output D (pin 11) goes low when the corresponding 
chip is selected. In DKM the binary code output is 
present on lines A, B, C, D. 
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3% DIGIT A/D CONVERTER 

The MC14433 is a high performance, low power, 314 digit A/D 
converter combining both linear CMOS and digital CMOS circuits on 
a single monolithic IC. The MC14433 is designed to minimize use of 
external components. With two external resistors and two external 
capacitors, the system forms a dual slope A/D converter with 
automatic zero correction and automatic polarity. 

The MC14433 is ratiometric and may be used over a full-scale 
range from 1.999 volts to 199.9 millivolts. Systems using the 
MCI 4433 may operate over a wide range of power supply voltages 
for ease of use with batteries, or with standard 5 volt supplies. The 
output drive conforms with standard B-Series CMOS specifications 
and can drive a low-power Schottky TTL load. 

The high impedance MOS inputs allow applications in current and 
resistance meters as well as voltmeters. In addition to DVM/DPM 
applications, the MC14433 finds use in digital thermometers, digital 
scales, remote A/D, A/D control systems, and in MPU systems. 

• Accuracy: ±0.05% of Reading ±1 Count 

• Two Voltage Ranges: 1.999 V and 199.9 mV 

• Up to 25 Conversions/s 

• Z in > 1000 M ohm 

• Auto-Polarity and Auto-Zero 

• Single Positive Voltage Reference 

• Standard B-Series CMOS Outputs-Drives One Low Power 

Schottky Load 

• Uses On-Chip System Clock, or External Clock 

• Low Power Consumption: 8.0 mW typical @ ±5.0 V 

• Wide Supply Range: e.g., ±4.5 V to ±8.0 V 

• Overrange and Underrange Signals Available 

• Operates in Auto Ranging Circuits 

• Operates with LED and LCD Displays 

• Low External Component Count 

• See also Application Notes AN-769 and AN-770. 



MC14433 



CMOS LSI 



(LOW-POWER COMPLEMENTARY MOS) 



3% DIGIT A/D CONVERTER 




P SUFFIX 2* 

PLASTIC PACKAGE 



L SUFFIX 

CERAMIC PACKAGE 
CASE 623 



ORDERING INFORMATION 

MC14XXX Suffix Danotet 

I L Ceramic Package 

I — P Plastic Package 



BLOCK DIAGRAM 



10 

' Clk I TCIkO 
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\ DS1 

1/ OHI 



0.0-03 
BCD Oata 



PIN ASSIGNMENT 



DS4 
Digit Stroba 



Polarity 
Detect 




Control 
Logic 



CMOS 
Analog 
Subsystem 







14 

EOC 



LDI«.I.V 
DU Update 



^7 4 1 "I 6 i 7 

Y R if R i' c if c i? C01 

* i End Of l—WV, j ) | I 



8 

C02 

-K- 







iv,,, Reference Voltage 
) V AG Analog Ground 



V D • p i" 2* 
Vjs - Pin 13 
V EE - Pin 12 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 10 V EE 


-0.5 to + 18 


Vdc 


Voltage, any pin, referenced to V^E 


V 


-0 5 to 
V DD +0.5 


Vdc 








DC Current Drain per Pin 


1 


10 


mAdc 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


RECOMMENDED OPERATING CONDITIONS (V SS = 


or V EE ) 




Parameter 


Symbol 


Value 


Unit 


DC Supply Voltage - V D0 to Analog Ground 
Vf£f£ to Analog Ground 


VDD 

v E e 


+ 5 to +8.0 
-2 8 to -8 


Vdc 


Clock Frequency 


f Clk 


32 to 400 


kHz 


Zero Offset Correction Capacitor 


Co 


0.1 ±20% 


«F 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric ftelds; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vj n and V 0ut be 
constrained to the range V^g < IV, n or 
V ou t) < VDD- 



ELECTRICAL CHARACTERISTICS (C| = 0.1 nF mylar, R| * 470 kn @ V re f = 2.000 V, R t = 27 kSl @ V ref = 200.0 mV. 

C G = 0.1 mF, Rc = 300 kH. all voltages referenced to Analog Ground, pin 1 .) 







VDD 
Vdc 


vee 

Vdc 


-40°C 


25°C 


8E 


°C 




Characteristic 


Symbol 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Linearity-Output Reading (Note 1) 
(V re f = 2.000 V) 

(v / = octet n m V 1 




5.0 
5 


-5.0 
-5 


- 


- 


-0.05 
-Count 


= 0.05 


+0 05 
+ Count 






%rdg 


Stability — Output Reading 

(V X = 199.0 mV, V r ef = 200.0 mV> 
butrix rb or Lb 
P9 or L9 




5.0 


-5.0 










2 

'. 3 






LSD 


Symmetry — Output Reading (Note 2) 
(V,ef = 2000 mVI 
Suffix P5 or L5 
P9 or L9 




5.0 


-5.0 










2 
3 






LSD 


Zero-Output Reading 




50 


-5.0 


















LSD 


(V X "0V, V ref - 2 000VI 
























Bias Current — Analog input 

Reference Input 
Analog Ground 




5.0 
50 
5.0 


-5.0 
-5 
-5.0 








s20 
:20 
• 20 


1 100 
! 100 

! 500 






pAdc 


Common Mode Rejection 

(V X - 1.4 V, V ref - 2.000 V. 
foe - 32 kHz) 




5.0 


-5.0 








65 








dB 


Output Voltage - Pins 14 to 23 
(V SS - V) "0" Level 

"1 " Level 
(V SS - -5.0 V) "0" Level 

"1 " Level 


vol 

V H 

vol 

VOH 


5.0 
5.0 
5.0 
5.0 


-5.0 
-5.0 
-5.0 
-5.0 


4.95 
4.95 


0.05 
4.95 


4.95 
4.95 




5.0 
-5.0 
5.0 


0.05 
-4 96 


4.95 
4 95 


0.05 
-4.95 


Vdc 


Output Current - Pins 14 lo 23 

(Vjs - V) 

(V 0H - 4.6 V) Source 
(Vql -0.4 V) Sink 

(VSS--5.0V) 

(Vqh ' «-5 V) Source 
(Vol --4.5V) Sink 


'OH 
lOL 

lOH 
lOL 


5.0 
5.0 

SO 
5.0 


-5.0 
-5.0 

-5.0 
-5.0 


-0.25 
0.64 

-0.62 
1.6 




-0.2 
0.51 

-0 5 

1.3 


-0.36 
0.88 

-0.9 
2.25 




-0.14 
36 

-036 
9 




mAdc 


Clock Frequency 
(R C - 300 kn) 


<Clk 


5.0 


-5.0 








66 








kHz 














Input Current - DU 


'DU 


5.0 


-5.0 




i0.3 




•0.00001 


t0.3 




• 1.0 


MAdc 


Quiescent Current 

IV DO to Vee. >ss * °' 


'0. 


5.0 
8.0 


-5 
-8.0 




3.7 
7.4 




0.9 
1.8 


2.0 
4.0 




1.6 

3.2 


mAdc 


DC Supply Rejection 

iv DD to v E E. iss " «. v re f - 2.ooov) 




5.0 


-5.0 








0.5 








mV/V 



Note 1 : Accuracy — The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage. Zero is recalculated during 
each conversion cycle. The meaningful specification is linearity. In other words, the deviation from correct reading for all inputs 
other than positive full scale and zero is defined as the linearity specification. 

Note 2: Symmetry — Defined as the difference between a negative and positive reading of the same voltage at or near full scale. 



2-22 



MC14433 



TYPICAL CHARACTERISTICS 



FIGURE 1 - TYPICAL ROLLOVER ERROR 
s POWER SUPPLY SKEW 



2 3 
— 1 z 

2° 2 
p 

> - 

3^-3 



" NOTE ROLLOVER ERROR IS THE DIFFERENCE IN " 
OUTPUT READING FOR THE SAME ANALOG 
INPUT SWITCHED FROM POSITIVE TO NEG-" 
ATIVE. 

I I I I I L. 
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(IVDDI- IVEEII. SUPPLY VOLTAGE SKEW (VOLTSI 
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FIGURE 3 - TYPICAL N -CHANNEL SINK CURRENT 
AT VDD-VSS - 5 VOLTS 
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FIGURE 4 - TYPICAL P -CHANNEL SOURCE CURRENT 
AT VDD-VSS - 5 VOLTS 
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FIGURE 5 - TYPICAL CLOCK FREQUENCY 
WW RESISTOR (Rc> 



FIGURE 6 - TYPICAL % CHANGE OF CLOCK FREQUENCY 
wait TEMPERATURE 
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DEVICE OPERATION 



ANALOG GROUND (V AG , Pin 1) 

Analog ground at this pin is the input reference level 
for the unknown input voltage (Vx) and reference 
voltage (V re f). This pin is a high impedance input. 

REFERENCE VOLTAGE (V ref , Pin 2) 
UNKNOWN INPUT VOLTAGE (V x , Pin 3) 

This A/D system performs a ratiometric A/D conver- 
sion; that is, the unknown input voltage, Vx, is mea- 
sured as a ratio of the reference voltage, V re f. The full 
scale voltage is equal to that voltage applied to V re f. 
Therefore, a full scale voltage of 1.999 V requires a 
reference voltage of 2.000 V while full scale voltage of 
199.9 mV requires a reference voltage of 200 mV. Both 
Vx and V re f are high impedance inputs. In addition to 
being a reference input, pin 2 functions as a reset for the 
A/D converter. When pin 2 is switched to V EE for at 
least 5 clock cycles, the system is reset to the beginning 
of a conversion cycle. 

EXTERNAL COMPONENTS <R|, R|/C|, C|; Pins 4, 5, 6) 

These pins are for external components for the 
integration used in the dual ramp A/D conversion. A 
typical value for the capacitor is 0.1 mF (mylar) while 
the resistor should be 470 kfi for 2.0 V full scale opera- 
tion and 27 kSl for 200 mV full scale operation. These 
values are for a 66 kHz clock frequency which will pro- 
duce a conversion time of approximately 250 ms. The 
equations governing the calculation for the values for 
integrator components are as follows: 

R| = Vx(max) T 
C| AV 



AV: 



-0.5 



T - 4000 x 



1 

*Clk 



where: 

R| is in kQ 

VDD is the voltage at pin 24 referenced to VAG 
Vx is the voltage at pin 3 referenced to VAG- in V 
fClk is the clock frequency at pin 10 in kHz 
C| is in /jF, AV is in Volts 

Example: 

C| = 0.1 nf 
Vdd = 5 uol,s 
fClk " 66 kHz 
For Vx(max) ■ 2.0 volts 

R| = 480 kfi (use 470 kfi ± 5%) 
For Vx(max) » 200 mV 

R| = 28 kfi (use 27 kfi ± 5%) 

Note that for worst case conditions, the minimum 
allowable value for R| is a function of C| min, Vqq min, 
and fcik max. The worst-case condition does not allow 



AV + Vx to exceed VDD. The 0.5 V factor in the 
above equation for AV is for safety margin. 

OF FSET CAPACITOR (C01 , C02; Pins 7, 8) 

These pins are used for connecting the offset 
correction capacitor. The recommended value is 0.1 /uF. 

DISPLAY UPDATE INPUT (DU. Pin 9) 

If a positive edge is received on this input prior to the 
ramp-down cycle, new data will be strobed into the 
output latches during that conversion cycle. When this 
pin is wired directly to the EOC output (pin 14), every 
conversion will be displayed. When this pin is driven 
from an external source, the voltage should be 
referenced to Vss 

CLOCK (Clkl,ClkO,Pini10, 11) 

The MC14433 device contains its own oscillator 
system clock. A single resistor connected between pins 
10 and 1 1 sets the clock frequency. If increased stability 
is desired, these pins will support a crystal or LC circuit. 
The clock input, pin 10, may also be driven from an 
external clock source which need have only standard 
CMOS output drive. For external clock inputs this pin is 
referenced to V EE . A 300 kn resistor results in clock 
frequency of about 66 kHz. (See the typical 
characteristic curves.) For alternate circuits see Figure 7. 

NEGATIVE POWER SUPPLY (V E E.Pin12) 

This is the connection for the most negative power 
supply voltage. The typical current is 0.8 mA. Note the 
current for the output drive circuit is not returned 
through this pin, but through pin 13. 

NEGATIVE POWER SUPPLY FOR OUTPUT 
CIRCUITRY (Vss. p »> 13) 

This is the low voltage level for the output pins of the 
MC14433 (BCD, Digit Selects, EOC, OR). When this pin 
is connected to analog ground, the output voltage is from 
analog ground to VqD- When connected to V E E, the 
output swing is from V EE to VDD- The allowable operat- 
ing range for Vss is between Vdd - 3-0 volts and V EE . 

END OF CONVERSION (EOC, Pin 14) 

The EOC output produces a pulse at the end of each 
conversion cycle. This pulse width is equivalent to one 
half the period of the system clock (pin 11). 

OVERRANGE (OR, Pin 15) 

The OR pin is low when Vx exceeds V re f. Normally 
it is high. 

DIGIT SELECT (DS4, DS3, DS2, DS1; Pins 16, 17, 18 
19) 

The digit select output is high when the respective 
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TRUTH TABLE 



digit is selected. The most significant digit V/, digit) turns 
on immediately after an EOC pulse followed by the re- 
maining digits, sequencing from MSD to LSD. An inter- 
digit blanking time of two clock periods is included to 
ensure that the BCD data has settled. The multiplex rate 
is equal to the clock frequency divided by 80. Thus, 
with a system clock rate of 66 kHz, the multiplex rate 
would be 0.8 kHz. Relative timing among digital select 
ouptut and EOC signals is shown in the Digit Select 
Timing Diagram, Figure 8. 

BCD DATA OUTPUTS (Q0. Q1, Q2, 03. Pins 20, 21, 
22, 23) 

Multiplexed BCD outputs contain 3 full digits of 
information during DS2, 3, 4, while during DS1, the Vi 
digit, overrange, underrange and polarity are available. 
The adjacent truth table shows the formats of the infor- 
mation during DS1. 

POSITIVE POWER SUPPLY (V DD , Pin 24) 

The most positive supply voltage pin. 



Coded Condition 










BCD to 7 Segment 


of MSD 


Q3 


Q2 


Q1 


00 


Decoding 


+0 


1 


1 


1 





Blank 




-0 


1 





1 





Blank 




+0 UR 


1 


1 


1 


1 


Blank 




-0 UR 


1 





1 


1 


Blank 




+ 1 





1 








4-M 


Hook up 


-1 














o-> 1 


only seg b 


+ 1 OR 





1 


1 


1 




and c to 


-1 OR 








1 


1 


3-M 


MSO 



Notes for Truth Table 

Q3 — J4 digit, low for "1 ", high for "0" 
Q2 — Polarity : "1 " = positive, "0" = negative 
QO - Out of range condition exists if QO ■ 1. When used in 
conjunction with Q3 the type of out of range condition 
is indicated, i.e., Q3 = — ORorQ3 = 1-» UR. 

When only segment b and c of the decoder are connected 
to the % digit of the display, 4, 0, 7 and 3 appear as 1 . 

The overrange indication (Q3 = and QO - 1 ) occurs 
when the count is greater than 1999, e.g., 1.999 V for a 
reference of 2.000 V. The underrange indication, useful for 
autoranging circuits, occurs when the count is (ess than 180, 
e.g., 0.180 V for a reference of 2.000 V. 
Caution: If the most significant digit is connected to a display 
other than a "1" only; such as a full digit display, segments 
other than b and c must be disconnected. The BCD to seven 
segment decoder must blank on BCD inputs 1 01 to 1 1 1 1 . 



FIGURE 7 - ALTERNATE OSCILLATOR CIRCUITS 
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(b) LC Oscillator Circuit 
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FIGURE 8 - DIGIT SELECT TIMING DIAGRAM 



EOC— | [—1/2 Clock Cycle 

fl_ 



DS1 

1/2 Digit 
(MSDI 



Si 16.400 Clock Cycles 
between EOC pulses 



J L 



—| 1 8 Clock Cvcles 



2 Clock Cycles 



±F 



OS3 



1 



J L 



t 



(LSD I 



J L 



MC14433 



FIGURE 9 - INTEGRATOR WAVEFORMS AT PIN 6 



FIGURE 10 - EQUIVALENT CIRCUIT DIAGRAMS OF THE 
CTION DURING SEGMENT 4 
OF THE TIMING CYCLE 
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CIRCUIT OPERATION 



The MC14433 CMOS integrated circuit, together with 
a minimum number of external components, forms a 
modified dual ramp A/D converter. The device contains 
the customary CMOS digital logic providing counters, 
latches, and multiplexing circuitry as well as the CMOS 
analog circuitry providing operational amplifiers and 
comparators required to implement a complete single 
chip A/D. Autozero, high input impedances, and 
autopolarity are features of this system. Using CMOS 
technology, an A/D with a wide range of power supply 
voltage and low power consumption is now available 
with the MC14433. 

During each conversion, the offset voltages of the 
internal amplifiers and comparators are compensated for 
by the system's autozero operation. Also each 
conversion 'ratiometrically' measures the unknown input 
voltage. In other words, the output reading is the ratio 
of the unknown voltage to the reference voltage with a 
ratio of 1 equal to the maximum count 1999. The entire 
conversion cycle requires slightly more than 16000 clock 
periods and may be divided into six different segments. 
The waveforms showing the conversion cycle with a 
positive input and a negative input are shown in Figure 
9. The six segments of these waveforms are described 
below. 



Segment 1 — 
compensates for 



which 
i of the buffer 



and integrator amplifiers, is charged during this period. 
Also, the integrator capacitor is shorted. This segment 
requires 4000 clock periods. 

Segment 2 - The integrator output decreases to the 
comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voltage of the com- 
parator is stored in the offset latches for later use in the 
autozero process. The time for this segment is variable, 
and less than 800 clock periods. 

Segment 3 — This segment of the conversion cycle is 
the same as Segment 1 . 

Segment 4 — Segment 4 is an up-going ramp cycle 
with the unknown input voltage (Vx) as the input to the 
integrator. Figure 10 shows the equivalent configuration 
of the analog section of the MC14433. The actual 
configuration of the analog section is dependent upon 
the polarity of the input voltage during the previous 
conversion cycle. 

Segment 5 — This segment is a down-going ramp 
period with the reference voltage as the input to the 
integrator. Segment 5 of the conversion cycle has a time 
equal to the number of counts stored in the offset 
storage latches during Segment 2. As a result, the system 
zeros automatically. 

Segment 6 - This is an extension of Segment 5. The 
time period for this portion is 4000 clock periods. The 
results of the A/D conversion cycle are determined in 
this portion of the conversion cycle. 
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FIGURE 11 - 3-1/2 DIGIT VOLTMETER— COMMON ANODE DISPLAYS, FLASHING OVERRANGE 
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APPLICATIONS INFORMATION 



3% DIGIT VOLTMETER - COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 

An example of a 3V* digit voltmeter using the 
MC14433 is shown in the circuit diagram of Figure 11. 
The reference voltage for the system uses an MC1403 
2.5 V reference IC. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mV operation, R| is also 
changed, as shown on the diagram. 

When using Rq equal to 300 kjl, the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time is approximately 250 ms. 

When the input is overrange, the display flashes on 
and off. The flashing rate is one-half the conversion rate. 
This is done by dividing the EOC pulse rate by 2 with % 
MC14013B flip-flop and blanking the display using the 
blanking input of the MC14543B. 



The display uses an LED display with common anode 
digit lines driven with an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A12 
darlington transistors operating in an emitter follower 
configuration. The MC14543B, MC14013B and LED 
displays are referenced to Vgg via pin 13 of the 
MC14433. This places the full power supply voltage 
across the display. The current for the display may be 
adjusted by the value of the segment resistors shown as 
150 ohms in the above figure. 

The power supply for the system is shown as a dual 
±5 V supply. However, the MC14433 will operate over a 
wide range of voltages, and balance between the +5 and 
-5 V supplies is not required. See the recommended 
operating conditions and Figure 1 , on pages 2 and 3. 



2-27 



MC14433 



12 - 3V4 DIGIT VOLTMETER WITH LOW 
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354 DIGIT VOLTMETER WITH LOW COMPONENT 
COUNT USING COMMON CATHODE DISPLAYS 

The 3Vs digit voltmeter of Figure 12 is an example of 
the use of the MC14433 in a system with a minimum of 
components. This circuit uses only 1 1 components in 
addition to the MC14433 to operate the MC14433 and 
drive the LED displays. 

In this circuit the MC14511B provides the segment 
drive for the 3'/, digits. The MC75492 or MC1413 
provides sink for digit current. (The MC75492 or 
MC1413 are devices with 6 or 7 darlingtons respectively 
with common emitters.) The worst case digit current is 7 
times the segment current at !4 duty cycle. The peak 
segment current is limited by the value of R. The current 
for the display flows from Vqq (+5 V) to ground and 
does not flow through the Vf£f£ (negative) supply. The 
minus sign is controlled by one section of the MC75492 
or MC1413 and is turned off by shunting the current 
through Rm to ground, bypassing the minus sign LED. 
The minus sign is derived from the Q2 output. The 
decimal point brightness is controlled by resistor Rqp. 
Since the brightness and the type and size of LED 



display are the choice of the designer, the values of 
resistorrR, Rm, RpP, and Rr that govern brightness are 
not given. 

During an overrange condition the 3Vi digit display is 
blanked at the Bl pin on the MC14511B. The decimal 
point and minus sign will remain on during a negative 
overrange condition. In addition, an alternate overrange 
circuit with separate LED is shown. There are leftover 
sections in either the MC75492 or MC1413. 

354 DIGIT VOLTMETER WITH LCD DISPLAY 

A circuit for a 3Vs digit voltmeter with a liquid crystal 
display is shown in Figure 13. Three MC14543B LCD 
latch/decoder/display drivers are used to demultiplex, 
decode the three digits, and drive the LCD. The half 
digit and polarity are demultiplexed with the MC14013B 
dual D flip-flop. 

Since the LCD is best driven by an ac signal across the 
LCD, the low-frequency square wave drive for the LCD 
is derived from the MC14024B binary counter which 
divides the digit select output from the A/D. This low 
frequency square wave is connected to the backplane of 
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FIGURE 13 - 3% DIGIT VOLTMETER WITH LCD DISPLAY 
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the LCD and to the individual segments through the 
combination of the output circuitry of the MC14543B 
and the exclusive OR gates at the outputs of the 
MC14013B. Alternatively the square wave can be 
derived from a 50/60 Hz input signal when available. 

The minus sign and the decimal point to the right of 
the half digit are connected to the inverted low 
frequency square wave signal. Unused decimal points are 
tied directly to the low frequency square wave. 

The system shown operates from two power supplies 
(plus and minus). Alternatively one supply can be used 
when Vss is connected to V£E- ln tnis case a 'evel must 
be set for analog ground, Vag. which must be at least 
2.8 V above Vee- Tnis circuit may be implemented 
with a resistor network, resistor/forward-biased diode 
network or resistor-zener diode network. For example, a 
9 V supply can be used with 3 V between Vag and 
Vee. leaving 6 V for Vdd to VaG- Tnis system leaves a 
comfortable margin for battery degeneration (end of 
life). Two versions of this circuit for single supply 
operation is shown in Figure 14. 

For panel meter operation from a single 5 V supply, a 
negative supply can be generated as shown in Figure 18. 



FIGURE 14 - TWO CIRCUITS FOR GENERATION 
OF V rrf AND V AG FROM A SINGLE SUPPLY 
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3% DIGIT AUTORANGING MULTIMETER 

An autoranging multimeter including ac and dc 
voltage ranges from 200 mV to 200 V, ac and dc current 
from 2 mA to 2 A fullscale and resistance ranges from 2 
k£2 to 2 MQ fullscale is shown in Figure 15. In this 
multimeter only two input jacks are required for all 
ranges and functions, eliminating the need for changing 
leads on the instrument when changing ranges or 
functions. Although only four ranges are provided for 
each function, the technique used may be expanded to 
more ranges if desired. Range switching uses mechanical 
relays. However, the relays may be replaced with solid 
state analog switches. 

The MC14433 provides the overrange and underrange 
control signals for the automatic ranging circuits. For 
additional information, see Motorola Application Note 
AN-769, "Autoranging Digital Multimeter Using the 
MCI 4433 CMOS A/D Converter." 



PARALLEL BCD DATA OUTPUT CIRCUIT 

The output of the MC14433 may be demultiplexed 
to produce parallel BCD data as shown in Figure 16. 
Two levels of latches are required for a complete 
demultiplexing of the data since the outputs of the 
MC14042B latches change sequentially with the DS1 to 
DS4 strobe pulses. To key output validity to one leading 
edge, i.e., that of the EOC signal of the MC14433, 
information is transferred to the second set of latches 
(MC14175B latches). A single set of latches can be used 
when reading of output is restricted to within 12,000 
clock pulses after EOC. This requires synchronous 
system operation with respect to the BCD data bus. 

In this system the output ground level is \A;s. In 
most cases, a two supply system with Vss connected to 
VAG ' s recommended. This allows connecting analog 
ground and digital ground together without destroying a 
power supply. This circuit works well with that of 
Figure 12. 



FIGURE 16 - DEMULTIPLEXING FOR MC14433 BCD DATA 
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FIGURE 17 - CHANNEL DATA ACQUISITION HARDWARE 
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8 CHANNEL DATA ACQUISITION NETWORK 

Figure 17 shows an 8 channel data acquisition 
network using the MC14433 and an M6800 
microprocessor system. The interface between the 
microprocessor data bus and the A/D system is done 
with an MC6820 PIA. One half of the PIA is used with 
the BCD and digit select outputs of the MC14433, while 
the second half of the PIA selects the channel to be 
measured via the MCI 4051 B analog multiplexer. Control 



lines CB1 and CB2 are used for data flow control and 
are connected to DU and EOC of the MC14433. 

A more detailed explanation of this system including 
the actual software required for the M6800 
microprocessor may be found in Motorola Application 
Note AN-770. "Data Acquisition Networks With NMOS 
and CMOS." 



FIGURE 18 - NEGATIVE SUPPLY GENERATED FROM POSITIVE SUPPLY 
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NEGATIVE SUPPLY GENERATED FROM POSITIVE 
SUPPLY 

When only +5 V is available, a negative supply voltage 
can be generated with the circuit of Figure 18 using one 
MC14049B. Two inverters from CMOS hex inverter are 
used as an oscillator 3 kHz) with the remaining 
inverters used as buffers for higher current output. The 
square wave output from the oscillator is level-translated 
to a negative going signal. This signal is rectified and 
filtered. A Vqq voltage'of +5 V for the hex buffer will 
result in a -4.3 V no load output voltage while the out- 
put with a 2 mA load is » 3.4 V. 
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ANALOG-TO-DIGITAL CONVERTER (ADC) 

The MC14442 ADC is a 28-pin bus-compatible 8-bit A/D converter 
with additional digital input capability. The device operates from a 
single 5 V supply and provides direct interface to the MPU data bus 
used with all Motorola M6800 family parts. It performs an 8-bit conver- 
sion in 32 machine cycles and allows up to 1 1 analog inputs. In addition, 
the part can accept up to 6 digital inputs. These inputs are designed to 
be either analog or digital inputs. All necessary logic for software con- 
figuration, channel selection, conversion control and bus interface is in- 
cluded. 

• Direct Interface to M6800 Family MPUs 

• Dynamic Successive Approximation A/D 

• 32 /is Conversion at f£= 1.0 MHz 

• Ratiometric Conversion 

• Completely Programmable 

• Completely Software Compatible with the MC14444 ADC 

• 5 Dedicated Analog Inputs 

• 6 Inputs Usable for Either Analog or Digital Signals 

• Completely TTL Compatible Inputs at Full Speed with Supply 
Voltage of 5 V ± 10% 



CMOS LSI 

{LOW-POWER SILICON GATE 
COMPLEMENTARY MOS) 



MICROPROCESSOR-COMPATIBLE 
ANALOG-TO-DIGITAL CONVERTER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 733 



P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



ORDERING INFORMATION 

MC14XXX _ 

Suffix Denotes 
Ceramic Package 
Plastic Package 
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BLOCK DIAGRAM AND PIN ASSIGNMENT 
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16 ]P51AN7> 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


VDD 


-0.5 to +6.5 


Vdc 


Input Voltage 


Vin 


-0.5 to Vqd +0.5 


Vdc 


Input Current, Per Pin 


hn 


±10 


mA 


Input Current, Per Package 


lin 


±20 


mA 


Operating Temperature Range (Ambient! 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


"C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric 
fields: however, it is advised that normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that 
V| n and V out be constrained to the range Vgg € ( v in or v out' ^ ^DD- 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgg or Vrjrj). 















DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 V ±10%, V S s = V, T A 


= Ti_ to Th unless otherwise noted! 






Characteristic 


Symbol 


Conditions 


Min | Max 


Unit 


Bus Control Inputs (R/W, Enable, Reset, RSI, CS) 


Input High Voltage 


V| H 




2.0 




Vdc 


Input Low Voltage 


V|L 






0.8 


Vdc 


Input Leakage Current 


hn 


Vj n = to 5.5 Vdc 




±1 


pAdc 



Data Bus (D0-D7) 



Input High Voltage 


V|H 




2.0 




Vdc 


Input Low Voltage 


V|L 






0.8 


Vdc 


Three-State (Off State) Input Leakage Current 


ITSI 


Vdd = 5.5 Vdc, 
VsssVinSVDD 




±10 


pAdc 


Ouput High Voltage 


VOH 


IOH= -16 mA 


2.4 




V 


Output Low Voltage 


vol 


|QL= 1-6 mA 




0.4 


V 



Peripheral Inputs (P0-P5) 



Input High Voltage 


V| H 




2.0 










Vdc 


Input Low Voltage 


V|L 






0.8 


Vdc 


Input Leakage Current 


lin 


V DD = 5.5Vdc, 
V SS £V in sV DD 




±1.0 


/iAdc 



Current Requirements 



| Supply Current | l DD | Vnp = 5.5Vdc | - | 5 |mAdc| 



ANALOG CHARACTERISTICS 

— 1 



Characteristic 


Description 


Min 


Max | Unit 


Analog Multiplexer 




Leakage Current 


Leakage current between all deselected analog inputs and any selected 
analog input with all analog input voltages between Vgg and VrjQ 




±400 


nAdc 


A/D Converter IV S S = V, V AG = V, 4.5 VsV re f<V DD <5.5 V, T A = -40° to +85°C) 


Resolution 


Number of bits resolved by the A/D 


8 




Bits 


Nonlinearity 


Maximum deviation from the best straight line through the A/D transfer 
characteristic 




± % 


LSB 


Zero Error 


Difference between the output of an ideal and an actual A/D for zero 
input voltage 




± % 


LSB 


Full-Scale Error 


Difference between the output of an ideal and an actual A/D for full-scale 
input voltage 






LSB 


Total Unadjusted Error 


Maximum sum of Nonlinearity, Zero Error, and Full-Scale Error 




ft* 


LSB 


Quantization Error 


Uncertainty due to converter resolution 




±y= 


LSB 


Absolute Accuracy 


Difference between the actual input voltage and the full-scale weighted 
equivalent of the binary output code, all error sources included 




±1.0 


LSB 


Conversion Time 


Total time to perform a single analog-to-digital conversion 




32 


E cycles 


Sample Acquisition Time 


Time required to sample the analog input 




12 


E cycles 



MC14442 



Characteristic 


Signal 


Symbol 


Min 


Max 


Unit 


Enable Clock Cycle Time (1/fff) 


E 


'cyc(E) 


943 


- 


ns 


Enable Clock Pulse Width, High 


E 


PW H (E) 


440 


- 


ns 


Enable Clock Pulse Width, Low 


E 


PW UE , 


410 


- 


ns 


Clock Rise Time 


E 


VIE) 




25 


ns 


Clock Fall Time 


E 


tflEI 




30 


ns 


Address Setup Time 


RS1, R/W, CS 


<AS 


145 




ns 


Data Delay (Read) 


D0-D7 


tDDR 




335 


ns 


Data Setup iWritel 


D0-D7 


'DSW 


185 




ns 


Address Hold Time 


RSI , R/W, CS 


'AH 


10 




ns 


Input Data Hold Time 


D0-D7 


tDHW 


10 




ns 


Output Data Hold Time 


D0-D7 


'DHR 


10 




ns 



R/W, 
CS, 
RSI 



MPU 
Read 



-PWUE)- 



FIGURE 1 - BUS TIMING 
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PIN FUNCTIONS 



Pin No. 


Pin Name 


Function 


Type 


1 


VAG 


A/D Converter Analog Ground 


Input 


2 


v S s 


Digital Ground 


Input 


3 


D7 


Data Bus Bit 7 (MSB) 


Input/Output 


4 


D6 


Data Bus Bit 6 


Input/Output 


5 


D5 


Data Bus Bit 5 


Input/Output 


6 


D4 


Data Bus Bit 4 


Input/ Output 


7 


D3 


Data Bus Bit 3 


Input/Output 


8 


D2 


Data Bus Bit 2 


Input/ Output 


9 


D1 


Data Bus Bit 1 


Input/Output 


10 


DO 


Data Bus Bit (LSB) 


Input/Output 


11 


R/W 


Read/Write 


Input 


12 


E 


Enable Clock (02) 


Input 


13 


RS1 


Register Select 


Input 


14 


cs 


Chip Select 


Input 


15 


Reset 


Reset 


Input 


16 


P5IAN7) 


Digital Port or Analog Channel 7 


Input 


17 


P41AN6I 


Digital Port or Analog Channel 6 


Input 


18 


P3IAN9I 


Digital Port or Analog Channel 9 


Input 


19 


P2IAN8) 


Digital Port or Analog Channel 8 


Input 


20 


PKAN11) 


Digital Port or Analog Channel 11 


Input 


21 


pn( a Mini 


Digital Port or Analog Channel 10 




22 


AN5 


Analog Channel 5 


Input 


23 


AN4 


Analog Channel 4 


Input 


24 


AN3 


Analog Channel 3 


Input 








25 


AN2 


Analog Channel 2 


Input 


26 


ANO 


Analog Channel 


Input 


27 


VDD 


Supply Voltage 


Input 


28 


Vref 


A/D Converter Positive Reference 
Voltage 


Input 



MC14442 MPU INTERFACE SIGNALS 

Bidirectional Data Bus ID0-D7I - The bidirectional *ita 
lines D0-D7 comprise the bus over which data is transferred 
in parallel to and from the MPU. The data bus output drivers 
are three-state devices that remain in the high-impedence 
state except during an MPU read of an ADC data register. 

Enable Clock (El - The enable clock provides two func- 
tions for the MC14442. First, it serves to synchronize data 
transfers into and out of the ADC. The timing of all other ex- 
ternal signals is referenced to the leading or trailing edge of 
the enable clock. Secondly, the enable clock is used internal- 
ly to derive the necessary SAR A/D conversion clocks. 
Because this conversion is a dynamic process, enable clock 
must be a continuous signal into the ADC during an A/D 
conversion. 

Read/Write (R/W) - The R/W signal is provided to the 
MC14442 to control the direction of data transfers to and 
from the MPU. A low state on this line is required to transfer 
data from the MPU to the ADC control register. A high state 
is required on R/W to transfer data out of either of the ADC 
data registers. 

Reset (Reset) - The reset line supplies the means of 
externally forcing the MC14442 into a known state. When a 
low is applied to the Reset pin, the start conversion bit of 
the control register is cleared. Analog channel is 
automatically selected by the analog multiplexer. The A/D 
status bit is also cleared. Any A/D results present in the 
Analog Data register are not affected by a reset. Reset forces 
the data bus output drivers to the high-impedance state. The 
internal byte pointer (discussed in the following pages) is set 
to point to the most significant byte of any subsequently 
selected internal regi ster. I n order to attain an internally 
stable reset state, the Reset pin must be low for at least one 
complete enable clock cycle. 

Chip Select (CS) - Chip select is an active low input used 
by the MPU system to enable the ADC for data transfers. No 
data may be passed to or from the ADC through the data bus 
pins unless CS is in a low state. A selection of MPU address 
lines and the M6800 VMA signal or its equivalent should be 
utilized to provide chip select to the MC14442. 



MC14442 ANALOG INPUTS AND DIGITAL INPUTS 

(Refer to the ADC Block Diagram) 



Dedicated Analog Channels (ANO, AN2-AN5) - These 
input pins serve as dedicated analog channels subject to A/D 
conversions. These channels are fed directly into the internal 
12-to-1 analog multiplexer which feeds a single analog 




Shared Analog Channels (AN6-AN11) - These input pins 
are also connected to the analog multiplexer and may be 
used as analog channels for A/D conversion. However, 
these pins may also serve as digital input pins as described 
next. 
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Shared Digital Inputs (P0-P5) - P0-P5 comprise a 6-bit may be degraded if Vag is wired to Vss at the ADC 

digital input port whose bits may also serve as analog chan- package unless Vss has been sufficiently filtered to remove 

nels. The state of these inputs may be read at any time from switching noise. Ideally Vag should be single-point ground- 

the ADC digital data register. The function of these pins is ed to the system analog ground supply, 
not programmed, but instead is simply assigned by the 

system designer on a pin-by-pin basis. MC14442 INTERNAL REGISTERS 



CAUTION: Digital values read from the P0-P5 bit 
locations do not guarantee the presence of true dig- 
ital input levels on these pins. P0-P5 pass through a 
TTL-compatible input buffer and into the digital data 
register. These buffers are designed with enough 
hysteresis to prevent internal oscillations if an analog 
voltage between 0.8 and 2 V is present on one or 
more of these six pins. 

MC14442 SUPPLY VOLTAGE PINS 

Positive Supply Voltage (Vdd) - Vdd is used internally 
to supply power to all digital logic and to the chopper 
stabilized comparator. Because the output buffers con- 
nected to this supply must drive capacitive loads, ac noise on 
this supply line is unavoidable internally. Analog circuits us- 
ing this supply within the MC14442 were designed with high 
Vqd supply rejection; however, it is recommended that a 
filtering capacitance be used externally between Vqd and 
Vss <0 ,ilter n °ise caused by transient current spikes. 

Ground Supply Voltage (Vss) _ V SS should be tied to 
system digital ground or the negative terminal of the Vdd 
power source. Again, the output buffers cause internal noise 
on this supply, so analog circuits were designed with high 



Vss rejection 

Positive A/D Reference Voltage (V re f) - This is the 
voltage used internally to provide references to the analog 
comparator and the digital-to-analog converter used by the 
SAR A/D. The analog- to-digital conversion result will be 
ratiometric to V re f — Vag 'full scale) . Hence V re f should be a 
very noise-free supply. Ideally V re f should be single-point 
connected to the voltage supply driving the system's 
transducers. V re f may be connected to Vdd, du1 degrada- 
tion of absolute A/D accuracy may r 
noise on VdD- 

A/D Ground Reference Voltage (Vag) _ Tnis supply is 
the ground reference for the internal DAC and several 
reference voltages supplied to the comparator. It should also 
be noise-free to guarantee A/ D accuracy. Absolute accuracy 



The MC14442 ADC has three 16-bit internal registers. Each 
register is divided into two 8-bit bytes: a most significant 
(MS) byte (bits 8-15) and a least significant (LS) byte (bits 
0-7). Each of these bytes may not be addressed externally, 
but instead are normally addressed by a single 16-bit instruc- 
tion such as the M6800 LDX instruction. An internal byte 
pointer selects the appropriate register byte during the two E 
cycles of a normal 16-bit access. In keeping with the M6800 
X register format, the pointer points first to the MS byte of 
any selected register. After the E cycle in which the MS byte 
is accessed, the pointer will switch to the LS byte and remain 
there for as long as chip select is low. The pointer moves 
back to the MS byte on the falling edge of E after the first 
complete E cycle in which the ADC is not selected. (See 
Figure 2a for more detail.) The MS byte of any register may 
also be accessed by a simple 8-bit instruction as shown in 
Figure 2b. However, the LS byte of all registers may be 
accessed only by 16-bit instructions as described above. By 
connecting the ADC register select (RS1) to the MPU 
address line A1 , the three registers may be accessed sequen- 
tially by 16-bit operations. 

CAUTION: RS1 should not be connected to 
address line AO and the addressing of the ADC 
should be such that RS1 does not change states 
during a 16-bit access. 



INTERNAL REGISTER ADDRESSING 



Addressing Signals 
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FIGURE 2 - ADC ACCESS TIMING 



a - Typical 16-Bit ADC Access 
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b - Typical 8-Bit ADC Access 
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MC14442 CONTROL REGISTER 
(Write Only) 



X 


X 


X 


X 


X 


X 


X 


SC 


X 


X 


X 


X 


A3 




AO 


(MSB) 














(LSBI 


(MSB) 










A2 | A1 


(LSBI 



-Most Significant Byte- 
8-Bit Write 



-16-Bit Write- 



- Least Significant Byte- 



Analog Multiplexer Address (A0-A3) - These four 
address bits are decoded by the analog multiplexer and used 
to select the appropriate analog channel as shown below. 



Hexadecimal Address (A3 = 


1 

2-5 
6-B 
C-F 



MSBI 



Select 

A NO 

Vref 
AN2-AN5 
AN6-AN11 
Undefined 



Start A/D Conversion ISC) - When the SC bit is set to a 
logical 1, an A/D conversion on the specified analog channel 



MC14442 ANALOG DATA REGISTER 
(Read Only) 



will begin immediately after the completion of the control 
register write. 

Unused Bits (X) - Bits 4-7 and 9-15 of the ADC Control 
Register are not used internally. 



NOTE: A 16-bit control register write is required to change 
the analog multiplexer address. However, 8-bit writes to the 
MC14442 can be used to initiate an A/D conversion if the 
analog MUX is already selecting the desired channel. This is 
useful when repeated conversions on a particular analog 
channel are necessary. 



EOC 
(MSB) 





(LSBI 



R7 

(MSB) 



R3 



RO 
(LSBI 



-Most Significant Byte- 
- 8-Bit Read— 



*■ 

- 16-Bit Read- 



-Least Significant Byte- 



A/D Result (R0-R7) - The LS byte of the analog data 
register contains the result of the A/D conversion. R7 is the 
MSB, and the converter follows the standard convention of 
assigning a code of $FF to a full-scale analog voltage. There 
are no special overflow or underflow indications. 

A/D Status (EOC) - The A/D status bit is set whenever a 
conversion is successfully completed by the ADC. The status 



bit is cleared by either an 8-bit or a 16-bit MPU write to the 
ADC control register. The remainder of the bits in the MS 
byte of the analog data register are always set to a logical 
to simplify MPU interrogation of the ADC status. For exam- 
ple, a single M6800 TST instruction can be used to determine 
the status of the A/D conversion. 



MC14442 DIGITAL DATA REGISTER 
(Read Only) 



PO A3 A2 



-Most Significant Byte- 
8-Bit Read 



-Least Significant Byte- 



- 16-Bit Read- 



Logical Zero (0) — These bits are always read as logical 
zero. 

Analog Multiplexer Address (A0-A3) - The number of the 
analog channel presently addressed is given by these bits. 



Shared Digital Port (P0-P5) — The voltage present on 
these pins is interpreted as a digital signal and the corres- 
ponding states are read from these bits. 

WARNING: A digital value will be given for each pin even 
if some or all of the pins are being used as analog inputs. 
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ANALOG SUBSYSTEM 

(See Block Diagram) 



General Description 

The analog subsystem of the MC14442 is composed of a 
12-channel analog multiplexer, an 8-bit capacitive DAC 
I digital-to-analog converter), a chopper-stabilized com- 
parator, a successive approximation register, and the 
necessary control logic to generate a successive approxima- 
tion routine. 

The analog multiplexer selects one of twelve channels and 
directs it to the input of the capacitive DAC. A fully- 
capacitive DAC is utilized because of the excellent matching 
characteristics of thin-oxide capacitors in the silicon-gate 
CMOS process. The DAC actually serves several functions. 
During the sample phase, the analog input voltage is applied 
to the DAC which acts as a sample-and-hold circuit. During 
the conversion phase, the capacitor array serves as a digital- 
to-analog converter. The comparator is the heart of the 
ADC; it compares the unknown analog input to the output of 
the DAC, which is driven by a conventional successive- 
approximation register. The chopper-stabilized comparator 
was designed for low offset voltage characteristics as well as 
Vqd and Vss power supply rejection. 

Device Operation 

An A/D conversion is initiated by writing a logical 1 into 
the SC bit of the ADC control register. The MC14442 allows 



2 enable clock cycles for the write into the control register 
even if only one byte is written. In this case, the second E 
cycle does not affect any internal registers. During the next 
12Vi enable cycles following a write command, the analog 
multiplexer channel is selected and the analog input voltage 
is stored on the sample and hold DAC. It is recommended 
that an input source impedance of 10 KI1 or less be used to 
allow complete charging of the capacitive DAC 

During cycle 13 the A/D is disconnected from the 
multiplexer output and the successive approximation A/D 
routine begins. Since the analog input voltage is being held 
on an internal capacitor for the entire conversion period, it is 
required that the enable clock run continuously until the A/D 
conversion is completed. The new 8-bit result is latched into 
the analog data register on the rising edge of cycle 32. At this 
point the end of conversion bit IEOCI is set in the analog 
data register MS byte. (See Figure 3, A/D Timing 
Sequence.) 



NOTE: The digital data register or the analog data register 
may be read even if an A/D conversion is in progress. If the 
analog data register is read during an A/D conversion, valid 
results from the previous conversion are obtained However, 
the EOC bit will be clear (logic 01 if an A/D conversion is in 
progress. 



FIGURE 3 - A/D TIMING SEQUENCE 
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FIGURE 4 - TYPICAL MC14442 APPLICATION IN A CLIMATE CONTROLLER 
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MOTOROLA 



ANALOG TO DIGITAL CONVERTER 
LINEAR SUBSYSTEM 

The MC14443 and the MC14447 devices are 6 channel, single 
slope, 8-10 bit analog to digital converter linear subsystems for 
microprocessor based data and control, systems. Contained in both 
devices are a one of 8 decoder, an 8 channel analog multiplexer, 
a buffer amplifier, a precision voltage to current converter, a ramp 
start circuit, and a comparator. The output driver of the MC14443 
comparator is an open-drain N-channel capable of sinking up to 
5 mA of current. The output of the MC14447 comparator has a 
standard B-Series P-channel, N-channel pair. 

A processor system (such as the MC6800, MC141000 or 
MC3870) provides the addressing, timing, counting, and arithmetic 
operations required for implementing a full analog to digital 
converter system. A system made up of a processor and the linear 
subsystem has features such as automatic zeroing and variable scaling 
(weighting) of six separate analog channels. 

• Quiescent Current 0.8 mA Typical at Vqd = 5 V 

• Single Supply Operation +4.5 to +18 Volts 

• MPU Compatible 

• Typical Resolution - 8 Bits 

• Typical Conversion Cycle as Fast as 300 ;is 

• Ratio Metric Conversion Minimizes Error 

• Analog Input Voltage Range: Vgcj to Vqq 



MCI 4443 
MC14447 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

MICROPROCESSOR BASED 
ANALOG TO DIGITAL CONVERTER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 

MC14XXX _ Suffix Denotei 



h 



Ceramic Package 
Plaitic Package 




Al AO 
A2 Chi 
Ramp Start V DD 
Ramp Cap Ch2 
V SS Ch3 
Ret Current Ch4 
Comp Out Ch5 
Ref Voltage Ch6 



3 16 
3 15 
314 
313 
3 12 
311 
310 
39 
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MC14443-MC14447 



MAXIMUM RATINGS {Voltages referenced to V ss ) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0 5 10 *18 


Vdc 


input Voltage, All Inputs 


V,n 


-0 5 to V D0 ' 5 


Vdc 


DC Current Drain per Pin 


i 


10 


mAdc 


Operating Temperature Range 


T A 


-40 to »85 


°C 


Storage Temperature Range 


T stg 


-66 to * 150 


°C 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj n and 
V out be constrained to the range V$ s *S 
(V in or V oul )< V 0D . 



ELECTRICAL CHARACTERISTICS 







vdd 


T|ow 


25°C 


Th 


gh 




Characteristic 


Symbol 


Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Output Voltage-Comparator "0" Level 


v OL 


5.0 




0.05 




0.01 


0.05 


_ 


0.05 


Vdc 


V in @ Pin 4 - V 




10 
15 


_ 
- 


0.05 
0.05 


_ 


0.01 
0.01 


0.05 
0.05 


_ 


0.06 
0.05 




V jn @ Pin 4 = 1.0 V "1" Level 


V H 


5.0 


4.95 


- 


4.95 


4.99 


_ 


4.95 


- 


Vdc 


(R L = 10k,MC14447 only) 




10 


9.95 


- 


935 


9.99 


- 


9.95 


- 






15 


14.95 


- 


14.95 


14.99 


- 


14,95 


- 




Input Voltage-Address, Ramp Start "0 Level" 


V|L 


















Vdc 


(V = 4.5 or 0.5 Vdc) 
IV O =9.0 or 1.0 Vdc) 




5.0 


_ 


1.5 

3.0 




2.25 
4.50 


1.5 
3.0 


— 


1.5 
3.0 






10 


- 


_ 

- 


- 




(V = 13.5 or 1.5 Vdc) 




15 


- 


4.0 


- 


6.75 


4.0 




4.0 




"1" Level 


V|H 


















Vdc 


(Vq » 0.5 or 4.5 Vdc) 




5.0 


3.5 




3.5 


2.75 




3.5 






1V0 - t .u or 3.u vqci 




10 


7.0 


- 


7.0 


5.50 




7 






\vq - 1.3 or 1 j.a Vacj 




1 5 


1 1 


- 


11.0 


8 25 




11.0 






Output Drive Current-Comparator 


'OH 


















mAdc 


Vj n @ Pin 4 = 1 .0 V (MC14447 only) 






















(vqh - z.o Vdc| 




5.0 


-2.5 


- 


-2.1 


-4.2 




-1.7 






t Wn. .—AG \IMr-\ 

'"OH vaci 




5.0 


-0.52 




-0.44 


-088 




-0.36 






(Vqh = 9-5 Vdc ' 




10 


- 1 .3 




-1.1 


-2.25 




-0.9 






(Vqh = 13.5 Vdc) 




15 


-3.6 




-3.0 


-8.8 




-2.4 






\/ ISl Din A — n \t 

v in (s" fin ^ - u v 


'OL 


















mAdc 


(Vol = 04 Vdcl 




5.0 


0.52 




0.44 


0.88 




0.36 






{Vql = 0.5 Vdc) 




10 


1 .3 




1 .1 


2.25 




0.9 






{vol = 15 Vdc ' 




15 


3.6 




3.0 


8.8 




2 4 






Input Current— Address, Ramp Start 


'in 


15 










-•0.3 




■ 1.0 


MAdc 


Input Current — Analog Inputs 


1 

1 in 


1 5 








•OA 


! 10 








Input Capacitance -Address, Ramp Start 


Cin 


15 








5.0 


7.5 






pF 


V in = 0V 






















Quiescent Current 


'DD 


5 








0.8 








mAdc 






10 








1.5 














15 








t.7 










Crosstalk Between Any Two Input Channels 


v Cr 














mVdc 


Reference Current Range 


|R 








10 










(jAdc 


Channel Input Voltage Range 


V C M 


5 











2.5 






Vdc 






10 











7.0 












15 











12 








Buffer Amplifier Output Offset 


v B o 


5 








0.285 








Vdc 






10 








0.400 














15 








0.420 










Comparator Threshold 


VTC 


5 









0.195 


v B o 






Vdc 






10 









0.275 


v B o 












15 









0.290 


vro 








Reference Voltage Range 


Vr 


5 






2.0 




3.0 






Vdc 






10 






2.0 




8.0 












15 






2.0 




1 3.0 








Conversion Linearity 

Vin • V D D - 3 V for C> 100 pF 


l-C 










0.15 


0.5 






% Full 
Scale 



MC14443-MC14447 



SWITCHING CHARACTERISTICS IC L = 50 pF, T A = 25°C> 












vdd 


Min 


r y p 






unaracnrntK 


Sumbol 


Vdc 


Max 


Unit 


Output Rite Time-Comperetor 


(MC14447 only) 


'TLH 


5.0 




120 


240 


nt 




10 




75 


ISO 








15 


- 


65 


130 




Output Fall Time-Comparator 




«THL 


5.0 




250 


500 


nt 






10 
15 


_ 


350 
650 


700 
1300 




Propagation Delav Time- 


-Comparator MC14443 
(Ri r 10 k to Vnnl 


<PLH 


5.0 
10 


- 


550 
500 


1100 
1000 


nt 






15 




550 


1100 






«PHL 


5.0 


- 


350 
300 
300 


700 


nt 






MC14447 




10 
15 


600 
600 




tPLH 


5.0 
10 




600 
475 
500 


1200 
960 


nt 








<PHL 


5.0 




450 


980 


nt 






10 
15 




540 

750 


1080 
1500 




Multiplexer Propagation Delay 




<M 


5.0 
10 




180 
125 
110 


360 
250 
220 


nt 








15 


Ramp Start Delay Time 






<TS 


5.0 
10 
15 




40 

25 
20 


80 
50 
40 


nt 


Acquisition Time * 






'A 


5.0 




30 


60 


ut 


C = lOOOpF 








10 




15 


30 




RREF = 1 00 k£3 








15 




14 


28 





" Acquisition Time include! multiplexer propagation delay, ramp start propagation delay and the time required to charge ramp capacitor to 
the selected input voltage. 



DEVICE OPERATION 

ADDRESS INPUTS SELECT (AO, A1, A2, Pins 1, 2. 16) The input voltage source to be presented to the measurement 
system according to the Truth Table shown in Figure 2. 

RAMP START (Ramp Start, Pin 3) When the Ramp Start is low, the ramp capacitor is charged to a voltage associated with 
the selected input channel. When the Ramp Start is brought high, the connection to the input channel is broken and the 
capacitor begins to ramp toward Vss 

RAMP CAPACITOR (Ramp Cap, Pin 4) The ramp capacitor is used to generate a time period when discharged from a selected 
voltage via a precise reference current. 

NEGATIVE POWER SUPPLY (Vss, Pin 5) This pin is system ground. 

REFERENCE CURRENT (Ref Current, Pin 6) To discharge the ramp capacitor, the reference current is fixed via a resistor 
(RRef) to a positive supply from pin 6. Typical current is equal to (Vqd - VR e f)/RR e f. 

COMPARATOR OUTPUT (Comp Out, Pin 7) This output is low when the capacitor has reached the discharged voltage and 
is high otherwise. 

REFERENCE VOLTAGE (Ref Voltage, Pin 8). This is the known voltage to which the unknown is compared. 

INPUT CHANNELS (Pins 9, 10, 11, 12. 13, 15) Input channels 1 through, 6 are used to monitor up to six separate unknown 
voltages. Selection is via the address inputs. 

POSITIVE POWER SUPPLY (VQD. Pi" 14) This pin is the package positive power supply pin. 
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I 



Address Lines 
from the 
Microprocessor 



from the 
Microprocessor 

Comparator 
Output to - 
Microprocessor 



FIGURE 1 - VOLTAGE TO PULSE WIDTH CONVERSION 

Voltage 



Reference Voltage* {V R + V BO ) 



Unknown Voltage- (V x - 



Siope ■ ^ 

C 



J BO 



Voltage at V Input* (V DO ) 
Comp Ref (V TC ) 

i at pin 4 




' v Bo'count * *0 
IV X <■ V BO ) c ount- 'X 
IVr * V 80 l c ount- 'R 
< v R>count = *R ■ *0 
< v X'count " 'X " <0 

'Vx'count _ 'X - '0 

<v R W„« . R «o 

tx - <0 



(Vx)c ■ < V R-C 



■r - t 



FIGURE 2 - TRUTH TABLE 



A2 


Al 


AO 


Input Selected 











v S s 


Channel (ground) 








1 


Ch1 


Channel 1 





1 





Ch2 


Channel 2 





1 


1 


Ch3 


Channel 3 


1 








Ch4 


Channel 4 


1 





1 


Ch5 


Channel 5 


1 


1 





Ch6 


Channel 6 


1 


t 


1 


VRef 


Channel 7 (External Reference) 



FIGURE 3 - TYPICAL APPLICATIONS CIRCUIT 



R1 



R 2 



Ramp Capa 

le 



i 



- Channel 1 

■ Channel 2 

- Channel 3 
Channel 4 
Channel 5 

■ Channel 6 



Unknown 
Analog 
Voltage 
Inputs 



CONVERSION SEQUENCE 



Step No. 


A2 


Al 


AO 


Ramp Start 


Comment 


f. 


1 


1 


1 







Channel 7 Selected (Reference Voltage) 


2 


1 


1 


1 




1 


Record time until Pin 7 goes low 


3. 














Channel Selected (Ground) 


4. 











1 


Record time until Pin 7 goes low 


5. 








1 





Channel 1 Selected 


6. 








1 


1 


Record time untit Pin 7 goes low 


Calculate t Cn 7 - <ChO " <Ch7' Step 2-Step 4 


Calculate t ch1 -t C hO " t C h1 ' Step 6-Step 4 


Calculate V unkno „ n - V Ch7 (t ch ,7t ch 7 , l 


7. 










Channel 2 Selected 


8. 







1 


Record time until Pin 7 goes low 


Calculate t Cn2 - t ch0 - t C h2' 


Calculate V unknown = V ch7 lt C h2'/tCh7'l 


etc. 
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MOTOROLA 



MC14444 



Advance Information 



ANALOG-TO-DIGITAL CONVERTER (ADC) 

The MC14444 ADC is a 40-pin bus-compatible 8-bit A/D converter 
with additional digital I/O capability. The device operates from a single 
5 V supply and provides direct interface to the MPU data bus used with 
all Motorola M6800 family parts- It performs an 8-bit conversion in 32 
machine cycles at 1 MHz and allows for up to 15 analog inputs. In addi- 
tion, the part has a 3-bit digital I/O port and can accept up to 9 digital 
inputs. Six of these inputs are designed to be either analog or digital 
inputs. All necessary logic for software configuration, channel selec- 
tion, conversion control, bus interface and maskable interrupt capability 
is included. 

• Direct Interface to M6800 Family MPUs 

• Dynamic Successive Approximation A/D 

• 32 fis Conversion at f e = 1 .0 MHz 

• Ratiometric Conversion 

• Completely Programmable 

• Polled or Interrupt Driven Operation 

• 3 Dedicated Digital Inputs 

• 3-Bit Digital I/O Port 

• 9 Dedicated Analog Inputs 

• 6 Inputs Usable for Either Analog or Digital Signals 

• Completely TTL Compatible Inputs at Full Speed with Supply 
Voltage of 5 V ± 10% 



CMOS LSI 

(LOW-POWER SILICON GATE 
COMPLEMENTARY MOS) 

MICROPROCESSOR-COMPATIBLE 
ANALOG-TO-DIGITAL CONVERTER 




P SUFFIX 

PLASTIC PACKAGE 
CASE 711 



L SUFFIX 

CERAMIC PACKAGE 
CASE 734 



ORDERING INFORMATION 

MC14XXX. 



h 



Suffix Denotes 
Ceramic Package 
Plastic Package 







BLOCK DIAGRAM 

V A G MO 



VREF 



SAR 
Control 
Logic 



Comparator 
(Chopper Stabilized) 



8- Bit 
Capacitive 
Ladder 
DAC 



Hegister 
[Write Only) 



DO- 7 < / > 

R/W 

CS — 
RSI 



Bus 
Control 
Logic 



Analog 
Data 
Register 
(Read Only) 



- ANO, 2-15 



Digital 
Data 
Register 
(Read Only) 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D 


-0 5 to +6.5 


Vdc 


Input Voltage 


Vin 


-05toV DD +0 5 


Vdc 


Input Current 


'in 


± 10 mA at any pin, not to 
exceed ± 20 mA per package 


mA 


Operating Temperature Range lAmbient) 


TA 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric 
fields: however, it is advised that normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that 
V in and V out be constrained to the range Vgs ^(Vj n or V out l £V DD . 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either V S s or V 0D ). 



DC ELECTRICAL CHARACTERISTICS (V Du = 5.0 V ± 10% , Vss - V. T A ■ T L to Th unless otherwise notedl 


Characteristic 


Symbol 


Conditions 


Min 


Max 


Unit 








Bus Control Inouts IR/W. Enable. Reset. RS1. CS) 






Input High Voltage 




V|H 




20 




Vdc 










Input Low Voltage 


VlL 






08 


Vdc 


Input Leakage Current 


lift 


V, n = to 5 5 Vdc 




± 1 


/iAdc 


Interrupt Output (IRQ) 


Output Low Voltage 


vol 


l Load = 1.6 mAdc 




04 


Vdc 


Output Leakage Current lOff Statel 


'loh 


V0H=V DD = 5 5Vdc 




10 


pAdc 


Data Bus ID0-D7I 


Input High Voltage 




V|H 




2.0 




Vdc 


Input Low Voltage 




VlL 






08 


Vdc 


Three State ( Oft Statel Input Leakage Current 


'TSI 


Vdd = 5 6 v dc 




±10 


liAdc 






V SS <V in <V DD 








Peripheral I/O (DIO0-DIO2, DI3-DI5, P0-P5I 


Input High Voltage 


V|H 




20 




Vdc 


Input Low Voltage 




VlL 






08 


Vdc 








Input Leakage Current DI3 DI5, P0 P5 




V DD =5 5 Vdc. 
VsSSV, n <V DD 






pAdc 


',n 




± 1 


Output High Voltage DIO0-DIO2 


VOH 


l0H= -0 19 mAdc 


V D D -0.4 




Vdc 


Output Low Voltage DIO0-DIO2 


vol 


IOL = 975 mAdc 




04 


Vdc 


Three-State (Off Statel Input Leakage Current DIO0-DIO2 


ITSI 


Vdd=5 5 Vdc 
VSS 5V 0U ,<V DD 




± 10 


pAdc 



Current Requirements 



Supply Current 


'DD 


V DD =5.5 Vdc, ff = 1 MHz 




10 


mAdc 


Converter Input Current 


'ADC 


Analog input current at 
f£= 1 MHz with multiplexer 
inputs between Vss anct V 0D 




±500 


nA 
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MM MOW 



ANALOG CHARACTERISTICS 








Characteristic 


Description 


Min 


Max [ Unit 


Analog Multiplexer 


On Resistance 


Resistance between each analog input and multiplexer output 




5 


kfl 


Leakage Current 


Leakage current between all deselected analog inputs and any selected 
analog input with all analog input voltages between V$S a R d Vqq 




±400 


nAdc 



A/D Converter IVss = V. Vag = v . 4 5, v sV REF sV DD! 



Resolution 


Number of bits resolved by the A/D 


8 




Bits 


Nonlmearity 


Maximum deviation from the best straight line through the A/D transfer 




± H 


LSB 




characteristic 








Zero Error 


Difference between the output of an ideal and an actual A/D for zero 
input voltage 






LSB 


Full-Scale Error 


Difference between the output of an ideal and an actual A/D for full-scale 
input voltage 




± Vi 


LSB 


Total Unadiusted Error 


Maximum sum of Nonlmearity, Zero Error, and Full-Scale Error 






LSB 




± ft 




Quantization Error 


Uncertainty due to converter resolution 




± Si 


LSB 


Absolute Accuracy 


Difference between the actual input voltage and the full-scale weighted 




±1-0 


LSB 




equivalent of the binary output code, all error sources included 


















Conversion Time 


Total time to perform a single analog-to-digital conversion 




32 


E cycles 


Sample Acquisition Time 










Time required to sample the analog input 




12 


E cycles 

















AC CHARACTERISTICS ISee Figure 1) 



Characteristic 


Signal 


Symbol 


Min 


Max 


Unit 


Enable Clock Cycle Time (1/fg) 


E 


l cycE 


943 




ns 


Enable Clock Pulse Width, High 


E 


PW EH 


440 




ns 


Enable Clock Pulse Widlh, Low 


E 


PW EL 


410 




ns 


Clock Rise Time 


E 


'Er 




25 


ns 


Clock Fall Time 


E 


'El 




30 


ns 


Address Setup Time 


RSI, RWCS 


•AS 


145 




ns 












Daia Delay (READ) 


D0-D7 


'DDR 




335 


ns 










Data Setup (WRITE) 


D0-D7 


'DSW 


185 




ns 














Address Hold Time 


RS1, R/W. CS 


'AH 


10 




ns 














Input Data Hold Time 


D0-D7 


'DHW 


10 




ns 


Output Data Hold Time 












D0-D7 


'DHR 


10 

I 1 




ns 
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FIGURE 1 - BUS TIMING 




PIN ASSIGNMENT 



■ 



Analog Ground 
Digital Ground 



Digitial I/O Port 



Dedicated Digital Inputs 



{ 



MPU Data Bus< 



Read/Write 
Enable Clock 
Register Select 
Chip Select 



VAG [ 1 

V SS l 2 

OIO0 [ 

DIOl [ 

DI02 C 5 

DI3 [ 

DI4 [ 

DI5 [ 

D7 [ 

D6 [ 

D5 [ 

D4 [ 

D3 [ 

02 I 
D1 

DO [ 

R/W [ 

E ( 

RSI I 

CS I 20 



Analog 
Inputs 



] Vref Analog Reference Voltage 
] Vqq Supply Voltage 
3 IRQ Interrupt Request 
3 MO Multiplexer Output 
] A NO*" 
] AN2 
] AN3 
] AN4 
] AN5 
] AN6 
] AN7 
] AN8 
] AN9 
] P0IAN10I 
] P1IAN111 
1 P2IAN12) 
] P3IAN13I 
] P4IAN14I 
P5IAN15) 

Reset System Reset 



Analog 
OR 

Digital Inputs 



MC14444 



PIN FUNCTIONS 



Pin No. 


Pin Name 


Function 


Type 




V AG 


A/D Converter Analog Ground 


Inpu| 


2 


V SS 


uigitai urouno 




3 


DIO0 


[jimTal Prut 


I nni it / Oi itni it 






uigitai rort 


Input/ Output 






uigiiai rorr 


Input/ Output 






L/igitai rori 


Input 






uignai rori 


Input 


8 


DI5 


Digital Port 


Input 


9 


D7 


Data Bus Bit 7 (MSB) 


Input/Output 


10 


D6 


Data Bus Bit 6 


Input/ Output 


1 1 


D5 


Data Bus Bit 5 


Input/ Output 


12 


D4 


Data Bus Bit 4 


Input/ Output 


13 


D3 


Data Bus Bit 3 


Input/ Output 


14 


D2 


Data Bus Bit 2 


Input/ Output 


15 


D1 


Data Bus Bit 1 


Input/ Output 


16 


DO 


uata bus bit u iLbbi 


I nput/ Output 


17 


R/W 


Head/ write 


Input 


18 


E 


r_,Li, IJ.1I 

enable uiock \<t>Z) 


Input 


19 


RSI 


Register Select 


Input 


20 


cs 


Chip Select 


Input 


21 


Reset 


Reset 


Input 


22 


P5( AN 15) 


Digital Port or Analog Channel 15 


Input 


23 


P4IAN14) 


Digital Port or Analog Channel 14 


Input 


24 


P3IAN13) 


Digital Port or Analog Channel 13 


Input 


25 




Digital Port or Analog Channel 12 


Input 


26 




Digital Port or Analog Channel 11 


Input 


27 




Digital Port or Analog Channel 10 


Input 


28 


AN9 


Analog Channel 9 


Input 


29 


AN8 


Analog Channel 8 


Input 


30 


AN7 


Analog Channel 7 


Input 


31 


AN6 


Analog Channel 6 


Input 


32 


AN5 


Analog Channel 5 


Input 


33 


AN4 


Analog Channel 4 


Input 


34 


AN3 


Analog Channel 3 


Input 


35 


AN2 


Analog Channel 2 


Input 


36 


ANO 


Analog Channel 




Input 


37 


MO 


Analog Multiplexer Output 


Test Only 


38 


"IRQ" 


Interrupt Request 


Open Drain 
Output 


39 


vdd 


Supply Voltage 


Input 


40 


vref 


A/D Converter Positive Reference 
Voltage 


Input 



MC14444 MPU INTERFACE SIGNALS 

Bidirectional Data Bus (D0-D7) - The bidirectional data 
lines D0-D7 comprise the bus over which data is transferred 
in parallel to and from the MPU The data bus output drivers 
are three-state devices that remain in the high-impedence 
state except during an MPU read of an ADC data register. 

Enable Clock (E) — The enable clock provides two func- 
tions for the MC14444. First, it serves to synchronize data 
transfers into and out of the ADC. The timing of all other ex- 
ternal signals is referenced to the leading or trailing edge of 
the enable clock. Secondly, the enable clock is used internal- 
ly to derive the necessary SAR A/D conversion clocks. 
Because this conversion is a dynamic process, enable clock 
must be a continuous signal into the ADC during an A/D 
conversion. 

Read/Write (R/W) - The R/W signal is provided to the 
MC14444 to control the direction of data transfers to and 
from the MPU. A low state on this line is required to transfer 
data from the MPU to the ADC control register. A high state 
is required on R/W to transfer data out of either of the ADC 
data registers. 



Reset (RESET) - The reset line supplies the means of 
externally forcing the MC144 44 into a known state. When a 
low is applied to the RESET pin, the start conversion, inter- 
rupt enable and I/O port data direction bits of the control 
register are cleared. Analog channel is automatically 
selected by the analog multiplexer. The A/D status bit is also 
cleared. Any A/D results present in the Analog Data register 
are not affected by a reset. Reset forces the data bus and I/O 
port output drivers to the high-impedance state. The internal 
byte pointer (discussed in the following pages) is set to point 
to the most significant byte of any subsequently selected in- 
ternal regi ster In order to attain an internally stable reset 
state, the RESET pin must be low for at least one complete 
enable clock cycle. 

Chip Select (CS) - Chip select is an active low input used 
by the MPU system to enable the ADC for data transfers. No 
data may be passed to or from the ADC through the data bus 
pins unless CS is in a low 'state. A selection of MPU address 
lines and the M6800 VMA signal or its equivalent should be 
utilized to provide chip select to the MC14444. 



MC14444 ANALOG INPUTS AND DIGITAL I/O 

(Refer to the ADC Block Diagram) 

Dedicated Analog Channels (ANO, AN2-AN9) - These 
input pins serve as dedicated analog channels subject to A/D 
conversions These channels are fed directly into the internal 
l6-to-1 analog multiplexer which feeds a single analog 
voltage to the A/D converter. 

Shared Analog Channels (AN10-AN15) - These input 
pins are also connected to the analog multiplexer and may be 
used as analog channels for A/D conversion. However, 
these pins may also serve as digital input pins as described 
next. 



MC14444 



Shared Digital Inputs (P0-P5) - P0-P5 comprise a 6-bit 
digital input port whose bits may also serve as analog chan- 
nels. The state of these inputs may be read at any time from 
the ADC digital data register. The function of these pins is 
not programmed, but instead is simply assigned by the 
system designer on a pin-by-pin basis. 

CAUTION: Digital values read from the P0-P5 bit 
locations do not guarantee the presence of true dig- 
ital input levels on these pins. P0-P5 pass through a 
TTL-compatible input buffer and into the digital data 
register. These buffers are designed with enough 
hysteresis to prevent internal oscillations if an analog 
voltage between 0.8 and 2 V is present on one or 
more of these six pins. 

Digital I/O Port (DIO0-DIO2) - These pins serve as a 3-bit 
digital I/O port. At reset the port is configured as an input 
and may be read from the ADC digital data register. The port 
may be programmed as an output by setting the DDIR bit in 
the control register to a logical 1. See the control register 
discussion for further details. When configured as an output, 
the DIO port will provide CMOS logic levels for limited dc 
load currents. (Refer to the Electrical Specifications for the 
dc drive capability of this port. I New output states are 
transferred to the external pins on the last falling edge of E 
during a 16-bit write to the control register. When configured 
as an input, the port will accept both TTL and CMOS logic 
levels. 

Dedicated Digital Inputs (DI3-DI5) - These three pins are 
dedicated as digital inputs whose values i 
the ADC digital data register They are also TTL and CMOS 
compatible. 



A/D Ground Reference Voltage (Vag' _ T pls supply is 
the ground reference for the internal DAC and several 
reference voltages supplied to the comparator. It should also 
be noise-free to guarantee A/D accuracy. Absolute accuracy 
may be degraded if Vag ' s wired to V$S 31 Ine ADC 
package unless Vss has been sufficiently filtered to remove 
switching noise. Ideally Vag should be single-point ground- 
ed to the system analog ground supply. 

Multiplexer Output (MO) - The analog multiplexer selects 
one of 16 analog input channels and connects it to the input 
of the A/D converter. The multiplexer output is internally 
connected to the A/D input and requires no external 
jumpers. Since loading of the MO pin affects the charging 
time of the DAC, it is recommended that no connection be 
made to the MO pin. 



MC14444 INTERNAL REGISTERS 



TAGE PINS AND TEST PIN 



Positive Supply Voltage (VoqI - Vqd is used internally 
to supply power to all digital logic and to the chopper 
stabilized comparator. Because the output buffers con- 
nected to this supply must drive capacitive loads, ac noise on 
this supply line is unavoidable internally. Analog circuits us- 
ing this supply within the MC14444 were designed with high 
Vdd supply reaction; however, it is recommended that a 
filtering capacitance be used externally between Vqd and 
Vss to filter noise caused by transient current spikes. 



The MC14444 ADC has three 16-bit internal registers. Each 
register is divided into two 8-bit bytes: a most significant 
(MS) byte (bits 8-15) and a least significant (LS) byte (bits 
0-7). Each of these bytes may not be addressed externally, 
but instead are normally addressed by a single 16-bit instruc- 
tion such as the M6800 LDX instruction. An internal byte 
pointer selects the appropriate register byte during the two E 
cycles of a normal 16-bit access. In keeping with the M6800 
X register format, the pointer points first to the MS byte of 
any selected register. After the E cycle in which the MS byte 
is accessed, the pointer will switch to the LS byte and remain 
there for as long as chip select is low. The pointer moves 
back to the MS byte on the falling edge of E after the first 
complete E cycle in which the ADC is not selected. (See 
Figure 2a for more detail.) The MS byte of any register may 
also be accessed by a simple 8-bit instruction as shown in 
Figure 2b. However, the LS byte of all registers may be 
accessed only by 16-bit instructions as described above. By 
connecting the ADC register select (RS1) to the MPU 
address line A1 , the three registers may be accessed sequen- 
tially by 16-bit operations 

CAUTION: RSI should not be connected to 
address line AO and the addressing of the ADC 
should be such that R S 1 does not change states dur- 
ing a 16-bit access. 



Ground Supply Voltage (Vss' - V SS should be tied to 
system digital ground or the negative terminal of the Vqjd 
power source. Again, the output buffers cause internal noise 
on this supply, so analog circuits were designed with high 
V$s rejection. 

Positive A/D Reference Voltage (Vref) - This is the 
voltage used internally to provide references to the analog 
comparator and the digital-to-analog converter used by the 
SAR A/D. The analog-to-digital conversion result will be 
ratiometric to Vrf_f - Vag "u" scalel. Hence Vref should 
be a very noise-free supply. Ideally Vref should be single- 
point connected to the voltage supply driving the system's 
transducers. Vrff may be connected to Vdd, but degrada- 
tion of absolute A/D accuracy may result due to switching 
noise on Vqq. 



INTERNAL REGISTER ADDRESSING 
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FIGURE 2 - AOC ACCESS TIMING 



a - Typical 16-Bit ADC Access 
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b - Typical 8-Bit ADC Access 
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MC14444 CONTROL REGISTER 





(MSB) 



sc 

(LSB 



DDIR 
(MSB) 



DIO 




AO 
(LSB) 



-Most Significant Byte- 
8-Bit Write 



- Least Significant Byte- 



- 16-Bit Write - 



Analog Multiplexer Address IA0-A3) - These four 
address bits are decoded by the analog multiplexer and used 
to select the appropriate analog channel as shown below. 



Hexadecimal Address (A3 = MSB) 


1 

2-9 
A-F 



Select 



ANO 

VREF 
AN2-AN9 
AN10-AN15IP0-P5I 



Digital I/O Output IDIO0-DIO2) - When the MPU con- 
figures the 3-bit I/O port as an output, these are the bit loca- 
tions into which the output states are written. 

I/O Port Data Direction (DDIR) - This is the data direc- 
tion bit for the 3-bit I/O port. A logical 1 configures the port 
as output while a logical configures the port as input. 

Start A/D Conversion (SC) - When the SC bit is set to a 
logical 1 , an A/ D conversion on the specified analog channel 



will begin immediately after the completion of the control 
register write. 

Unused Bits (X) - Bits 9-13 of the ADC Control Register 
are not used internally. 

Interrupt Enable (IE) — The interrupt enable bit, when set 
to a logical 1 , allows the TRCi pin to be activated at the com- 
pletion of the next analog to digital conversion. 

Control Register MSB - The MSB of the most significant 
byte of the ADC control register must be written as a logical 

0. 



NOTE: A 16-bit control register write is required to change 
the analog multiplexer address or to update the DIO port. 
However, 8-bit writes to the MC14444 can be used to initiate 
an A/D conversion if the analog MUX is already selecting the 
desired channel. This is useful when repeated conversions 
on a particular analog channel are necessary. 



MC14444 ANALOG DATA REGISTER 
(Read Only) 



EOC 
MSB) 





(LSB) 



R7 
(MSB) 



R0 
(LSB) 



-Most Significant Byte- 
8-Bit Read 



-16-Bit Read- 



Least Significant Byte- 



A/D Result (R0-R7) - The LS byte of the analog data 
register contains the result of the A/D conversion. R7 is the 
MSB, and the converter follows the standard convention of 
assigning a code of $FF to a full-scale analog voltage. There 
are no special overflow or underflow indications. 

A/D Status (EOC) - The A/D status bit is set whenever a 



conversion is successfully completed by the ADC. The status 
bit is cleared by either an 8-bit or a 16-bit MPU write to the 
ADC control register. The remainder of the bits in the MS 
byte of the analog data register are always set to a logical 
to simplify MPU interrogation of the ADC status For exam- 
ple, a single 8-bit M6800 TST instruction can be used to 
determine the status of the A/D conversion. 
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DIGITAL DATA REGISTER 



DIO 

2 



DIO 
1 



DIO 





-Most Significant Byte- 
8-Bit Read 



-Least Significant Byte - 



-16-Bit Read- 



Digital I/O Port (DIO0-DIO2I - The states of the three 
digital I/O pins are read from these bits regardless of 
whether the port is configured as input or output. 

Dedicated Digital Input (DI3-DI5) - The states of the 
three dedicated digital inputs are read from these bits 

Analog Multiplexer Address IA0-A3) - The number of the 
analog channel presently addressed is given by these bits. 



Shared Digital Port (P0-P5) - The voltage present on 
these pins is interpreted as a digital signal and the corres- 
ponding states are read from these bits. 

WARNING: A digital value will be given for each pin even 
if some or all of the pins are being used as analog inputs. 



ANALOG SUBSYSTEM 

(See Block Diagram) 



General Description 



The analog subsystem of the MC14444 is composed of a 
16-channel analog multiplexer, an 8-bit capacitive DAC 
(digital-to-analog converter), a chopper-stabilized com- 
parator, a successive approximation register, and the 
necessary control logic to generate a successive approxima- 
tion routine. 

The analog multiplexer selects one of sixteen channels and 
directs it to the input of the capacitive DAC. A fully- 
capacitive DAC is utilized because of the excellent matching 
characteristics of thin-oxide capacitors in the silicon-gate 
CMOS process. The DAC actually serves several functions. 
During the sample phase, the analog input voltage is applied 
to the DAC which acts as a sample-and-hold circuit. Durit 
the conversion phase, the capacitor array serves as a digit. 
to ; analog converter. The comparator is the heart of the 
ADC; it compares the unknown analog input to the output of 
the DAC, which is driven by a conventional successive- 
approximation register. The chopper-stabilized comparator 
was designed for low offset voltage characteristics as well as 
Vdq and Vss power supply rejection. 

Device Operation 

An A/D conversion is initiated by writing a logical 1 into 
the SC bit of the ADC control register. The MC14444 allows 



2 enable clock cycles for the write into the control register 
even if only 8 bits are written. In this case, the second E cycle 
does not affect any internal registers. During the next 12Vi 
enable cycles following a write command, the analog 
multiplexer channel is selected and the analog input voltage 
is stored on the sample and hold DAC. It is recommended 
that an input source impedance of 10 KO or less be used to 
allow complete charging of the capacitive DAC. 

During cycle 13 the A/D is disconnected from the 
multiplexer output and the successive approximation A/D 
routine begins. Since the analog input voltage is being held 
on an internal capacitor for the entire conversion period, it is 
required that the enable clock run continuously until the A/D 
conversion is completed. The new 8-bit result is latched into 
the analog data register on the rising edge of cycle 32. At this 
point the end of conversion bit (EOC) is set in the analog 
data register MS byte, and the interrupt request (IRQ) pin 
goes low if interrupt has been enabled by the IE bit of the 
control register. (See Figure 3, A/D Timing Sequence.) 



NOTE: The digital data register or the analog data register 
may be read even if an A/D conversion is in progress. If the 
analog data register is read during an A/D conversion, valid 
results from the previous conversion are obtained. However, 
the EOC bit will be clear (logical 0) if an A/D conversion is in 
progress. 
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ANALOG TO DIGITAL CONVERTER 
L.NEAR SUBSYSTEM 

The MC14443 and the MC14447 devices are 6 channel, single 
slope, 8-10 bit analog to digital converter linear subsystems for 
microprocessor based data and control, systems. Contained in both 
devices are a one of 8 decoder, an 8 channel analog multiplexer, 
a buffer amplifier, a precision voltage to current converter, a ramp 
start circuit, and a comparator. The output driver of the MC14443 
comparator is an open-drain N-channel capable of sinking up to 
5 mA of current. The output of the MC14447 comparator has a 
standard B-Series P-channel, N-channel pair. 

A processor system (such as the MC6800, MC141000 or 
MC3870) provides the addressing, timing, counting, and arithmetic 
operations required for implementing a full analog to digital 
converter system. A system made up of a processor and the linear 
subsystem has features such as automatic zeroing and variable scaling 
(weighting) of six separate analog channels. 

• Quiescent Current 0.8 mA Typical at Vqd = 5 V 

• Single Supply Operation +4.5 to + 18 Volts 

• MPU Compatible 

• Typical Resolution — 8 Bits 

• Typical Conversion Cycle as Fast as 300 /lis 

• Ratio Metric Conversion Minimizes Error 

• Analog Input Voltage Range: Vgg to Vqq - 2V 
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BLOCK DIAGRAM 
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MC14457 TRANSMITTER 
MC14458 RECEIVER 

The MC14457 and MC14458 are a transmitter and receiver pair 
of integrated circuits constructed in CMOS monolithic technology. 
These units are designed for ultrasonic or infrared remote control 
of TV receivers, converters, communication receivers, and games. 
Channel selection up to 16 channels can be done single entry; or, 
up to 256 channels can be done double entry. 



FEATUR 



ES: 

Low External Component Count 

High Noise Immunity 

Error Free Operation 

One Analog Output From Receiver 

On-Signal Provision 

Low Power 

Operating Voltage Range 
4.5-10.0 Vdc for MC14457 
4.5-5.5 Vdc for MCI 4458 
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MAXIMUM RATINGS (Voltages referenced to V ss l 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


MC14457 
MC 14458 


v D d 


-0.5 to +12 
-0.5 to +6.0 


Vdc 


Input Voltage, All Inputs 


v in 


-0.5 to Vdd + 0.5 


Vdc 






10 


-mAdc 


DC Current Drain per Pin 


i 


Operating Temperature Range 








°C 




T A 


-40 to +85 


Storage Temperature Range 


T itg 


-66 to +150 


°C 











This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that Vj n and V out be constrained to the range 
VsS f IVj„or V out ) « V DD . 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V SS orV D D> 



PIN ASSIGNMENTS 
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TRANSMITTER MC14457 
ELECTRICAL CHARACTERISTICS 








V DD 


T low' 


25 °C 


T hi, 


,K* 




Characteristic 


Symbol 


Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Output Voltage 


"0" Level 


v OL 


5.0 




0.05 







0.05 


- 


0.05 


Vdc 


V in -V OD orO 




10 


_ 


0.05 


_ 





005 


' - 


0.05 




"1" Level 


V H 


5.0 


4.95 




4.95 


5.0 




495 


- 


Vdc 


V in -OorV DD 






10 


9.95 




9.95 


10 




9.95 


- 




Input Voltage # 


"0" Level 


V|L 


















Vdc 


IVo - 4.5 or 0.5 Vdcl 






5.0 


, _ 


1.5 


. 


2.25 


1.5 


- 


1.5 




IVo - 9 or 1.0 Vdc) 






10 


- 


3.0 


_ 


4.50 


3.0 


— 


3.0 






"1" Level 


V|H 




















(V -0.5or 4.5 Vdcl 






5.0 


3.5 


- 


3.5 


2.75 


- 


3.5 




Vdc 


<V - 1.0 or 9.0 Vdcl 






10 


7.0 


- 


7.0 


5.50 


- 


7.0 






Output Drive Current - Pins 14, 15 






















(Out 1, 2) 


'OH 














-3.5 




mAdc 


(Vqh - 2.5 Vdc) 


Source 




5.0 


-6.0 


- 


-5.0 


-9.0 


- 


_ 




(Vqh -9.5 Vdc) 






10 


-3.2 




-2.6 


-4.5 




-1.8 






(Vol - 2.5 Vdc) 


Sink 


In, 
■UL 


5.0 


6.0 


— 


5.0 


9.0 




3.5 




mAdc 


(Vol = 05 vdc| 






10 


3.2 


- 


2.6 


4.5 




1.8 


_ 


1 


Output Drive Current - Pi 


n 13 (Mod) 




'OH 


















mAdc 


(V 0H " 4.6 Vdc) 


Source 




5.0 


-0.26 




-0.22 


-0.44 




-0.18 






(Vqh - 9.5 Vdcl 






10 


-0.6 




-0.55 


-1.12 




-0.45 






(Vol ■ 04 vdc) 


Sink 


lOL 


5.0 


0.26 




0.22 


0.44 




0.18 




mAdc 


(V OL - 0.5 Vdc) 






10 


0.6 




0.55 


1.12 




0.45 






Input Current — Pull-ups 


< in 


10 






50 


500 


■ 






MAdc 


Input Current- Pin 11 (OsCj n ) 


'in 


10 




±0.3 




±0.00001 


±03 




±1.0 


uAdc 


^ '■ 

Input Capacitance 


Cin 










5 


7.5 






pF 


(Vin = 0l 
























Quiescent Current - Per Package 


IDD 


5.0 




50 




0.008 


50 




375 


MAdc 


IOsc in - Lowl 




10 




100 




0.016 


100 




750 




••Total Supply Current at 


an External 


it 


















uAdc 


Load Capacitance (C|_) of Figure 4. 




5.0 








5.0 










f = 500 kHz 






10 








10 










(with any Analog comn 


land) 
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RECEIVER — MC14458 
ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


VDD 
Vdc 


Tlow' 


2S°C 


Thigh* 


Unit 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 






















Output Voltage "0".Level 
Vin- V OD or0 


Vol 


5.0 




0.05 







0.05 




005 


Vdc 


"1" Level 


V H 


5.0 


4.95 




4.95 


5.0 




4.95 




Vdc 


V in =0orV DO 






















Input Voltage* "0" Level 
(V D - 4.5 or 0.5 Vdcl 

"V Level 

(Vq - 0.5 or 4.5 Vdcl 


VlL 


5.0 




1.5 




2.25 


1.5 




1.5 


Vdc 


V| H 


5.0 


3.5 




3.5 


2 75 




3.5 




Vdc 


Output Drive Current 

(V 0H « 2.5 Vdc) Source 
(Vql ■ 0.4 Vdc) Sink 


'OH 


5.0 


-0.5 




-0.5 


-1.7 




-0.4 




mAdc 


'OL 


5.0 


0.45 




0.4 


0.78 




0.34 




mAdc 


Input Current (Oscj n , Dj n ) 


'in 


5.0 




±0.3 




±0 00O01 


±0.3 




1 1.0 


MAdc 


Input Current (POR) 


'in 


5.0 






10 


50 


400 






MAdc 


Input Capacitance 
(V in = 0) 


c,„ 










5.0 


7.5 






pF 


Quiescent Current 
(Per Package) 


' □ D 


5.0 




5.0 




250 


1000 






MAdc 


Data Input Hysteresis 


VHys 


5.0 








0.25 








MAdc 


••Total Supply Current at an 
External Load Capacitance 
(Cl) of Figure 6 
f- 500 kHz 


>T 


5.0 








400 








MAdc 



'Tlow " -40°C 
Thigh -+85°C 
••The formulas given are for the typical 



#Noise immunity specified for worst-case input combination 
Noise Margin for both "1" and "0" level » 1.0 Vdc min ® V DD = 5.0 Vdc 
onlyat25°C 2.0 Vdc min <e> V D0 = 10 Vdc 
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SWITCHING CHARACTERISTICS (MC14457 - Transmitter V DD - 5 to 15 V. MC14458 - Receiver V DD = 5 V) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Rise and Fall Time - Receiver 
C L = 100 pF 


'TLH.'THL 




0.3 


1.0 


(is 


Oscillator Start-Up Time - Transmittal 


<on 




8.0 




MS 


Clock Pulse Frequency 


PRF 




1 500 


600 


kHj 



Osc Osc 
In Out 

Q 11 9*2 



H 



at 



Osc 



Row 
Inputs 



Column 
Inputs 



i o- 



3 O- 



* o- 

5 J- 

e o- 
' o- 

9 O- 



io O 





T 



Keyboard 
0»cod« 



Position 
Counttr 



i 



V D D " ?ir < 16 ' 
V ss - Pin B 





Q 


S/R 




F/F 






5 



putl 



^>0 — o 



-£> O Mod 



Code 3 ) 
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FIGURE 1 - EXAMPLE OF TRANSMITTED WORD 
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INPUT/OUTPUT FUNCTIONS - MC14457 
TRANSMITTER 



INPUTS (R1 , R2, R3, R4, R5; Pins 5, 4, 1 , 2, 3 

These pins are the row inputs and are active in 1 
low state. 

COLUMN INPUTS (C1 , C2, C4; Pins 6, 7, 10, 9) 

These pins are the column inputs and are active in 
the low state. 

OUTPUT (Out 1, Out 2; Pins 14, 15) 

These pins provide push-pull output and can be used 
with ceramic transducers or LEDs. In the non- 
operating condition, both outputs are at ground poten- 
tial. 



OSCILLATOR (Osc, n ; OsCut; Pins 11, 12) 

These pins are the input/output terminals of the 
oscillator. It can be used with ceramic resonator or 
crystal. The oscillator is automatically turned off after 
the data is transmitted for low current quiescent 
operation. 

If an external oscillator is used, a current limiting 
resistor should be added due to the presence of an in- 
ternal pull-down device on the oscillator input. 

MODULATION (Mod; Pin 13) 

This pin is a data code output. There is no power-up 
reset. 
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TABLE 1 - DATA CODE 



Number 


Operation 


Row 
(Active Low) 


Column 
(Active Lowl 


Transmitter Data & Receiver Output Address 


V"A 
Pulse 


Notes 


MSB/A3 


LSB+2/A2 


LSB+1/A1 


LSB/AO 


Function 


1 


Digit 


R 1 


CI 



















1 


2 


Digit 1 


R1. 


C2 











1 









3 


Digit 2 


R2 


CI 





o 


1 


o 


o 


- 


— - — 


4 


Digit 3 


R2 


C2 








1 


1 





— 


— 


5 


Digit 4 


R3 


C1 





1 











- 




6 


Digit 5 


R3 


C2 





1 





1 





- 


1 


7 


Digit 6 


R4 


C1 





1 


1 








- 


1 


8 


Digit 7 


R4 


C2 





1 


1 


1 





- 


1 


9 


Digit 8 


R5 


CI 


1 














- 


1 


10 


Digit 9 


R5 


C2 


1 








1 







1 


11 


Spare 


R1 




C3 


















2 


12 


Spare 


R1 




C4 











1 




V 


2 


13 


Fine Tuning 


R2 




C3 








1 







V 


3 


14 


Fine Tuning 


R2 


C4 








1 


1 




V 


3 . 


15 


Spare 


R3 




C3 





1 










V 


3 


16 


























Spare 


R3 




C4 





1 







1 




V 


3 


17 


Vol j 


R4 
















V 






C3 





1 


1 







3 


18 


Vol t 


R4 


C4 





1 


1 


1 




-J 


3 


19 


Mute on/off 


R5 


C3 















V 


2 


20 


Off 


R5 


C4 










1 






2 


21 






CI 







1 










1 


22 


Digit 11 


R2 + R5 














23 


Digit 12 


R3 + R5 


CI 














24 


Digit 13 


R3 + R5 


C2 




1 







1 







1 


25 


Digit 14 


R2+R3-I-R5 


CI 




1 


1 












1 


26 


Digit 15 


R2+R3+R5 


C2 




1 


1 


1 







1 


27 


Spare 


R2-f R5 


C3 







1 









3 


28 


Spare 


R2+ R5 


C4 







1 


1 






3 


29 


Spare 


R3 + R6 


C3 




1 












3 


30 


Spare 


R3 + R5 


C4 




1 





1 






3 


31 


Spare 


R2+R3+R5 


C3 




1 


1 









3 


32 


Spare 


R2+R3+R5 


C4 




1 


1 


1 






3 







Notes 

1. Channel Select Keys (Function Bit « 0). Data is trans- 
mitted once each time a key is activated. 

2. Toggling type On/Off or counter advance type keys. 
Data is transmitted once each time a key is activated. 

3. Analog Up/Down or On/Off keys, i.e., one key for 
Down or Off and another key for Up or On. Data 
transmission is repeated as long as the key is operated. 

In Table 1 all channel select data is noted by the func- 
tion bit equal to Hero. For functions other than channel, 
the function bit equals one. 

The four toggling or counter advance type keys that 
transmit data once each time a key is activated are Mute, 
Off, Channel Search Up, and Channel Search Down. 



The twelve remaining analog keys (Vol, Tint, Color, 
etc.) transmit data as long as the key is activated. The 
keys' functions are arranged to provide the most typical 
application without grounding of multiple row or 
columns required. 
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MC14458 - RECEIVER 





Digital To 






P.W. Conv. 






Data In 2Q- 



06 UHF/VHF 



V D D = Wn 24 
V SS = Pin 12 



GENERAL DESCRIPTION 

This transmitter integrated circuit is used for encoding 
keyboard position into frequency-modulated biphase 
data. This integrated circuit can function with a keyboard 
from 20 to 32 keys and provide either channel select/ 
toggle information (single-word transmission) or analog 
information (continuous transmission of the data word 
for duration of key press). 

When used in conjunction with the receiver, selection 
capability is: any single or two-digit channel select up to 
256 channels with appropriate keyboard; a maximum of 
12 analog control functions; 4 toggle type commands. At 
an operating voltage of 9.0 volts, the high output drivers 
provide 4 Vpp into a 1 k£2 load 'via an output bridge 
configuration. The chip features low standby power as all 
portions are shut off after data transmission, with the 
counter-chain held in the reset position. 



OPERATION 

As one example of operation, a free-running ceramic 
resonator oscillator (at 500 kHz), triggered by the depres- 
sion of any key, is divided by 12 or 13 to provide fre- 
quencies of 41.67 kHz or 38.46 kHz. The transmitted 
data 'zero' consists of 256 periods of the lower frequency 
followed by an equal number of the higher frequency. 
Mark to space ratio is kept at 1:1 in each case. Data one' 
reverses the order of the two frequencies. 

Row and column information from the keyboard is 
encoded into a 5-bit word and loaded onto data latches 
on the edge of transmit enable. This data, preceded by 
two bits, and 1, is used in sequence to provide biphase 
control of the divider and, consequently, the bit pattern 
transmitted from the unit. Each 7-bit word begins and 
ends with a low frequency burst. Operation of a channel 
select key produces an output data stream for a duration 
of approximately 100 ms. 
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INPUT/OUTPUT FUNCTIONS - MC14458; RECEIVER 

DATA ([>, n ; Pin 2) 

The amplified ultrasonic data signal (after amplifica- 
tion and limiting forms a square wave with a peak-to- 
peak value of V DD | is applied to this input terminal. 

OSCILLATOR (Osc in ; Pin 1) 

The oscillator input pin of the receiver is con- 
nected to an oscillator providing, for example, a 500 kHz 
square-wave signal. A typical oscillator circuit is shown in 
Figure 5. Accuracy of 1% relative to the oscillator fre- 
quency in the transmitter is recommended for satisfactory 
performance in very high echo-producting environments. 

CHANNEL OUTPUTS (LI. 2, 4, 8, M1, 2, 4, 8; 

Pins 13, 14, 15, 16, 11, 10, 9, 8) 

The eight data output pins provide latched data corres- 
ponding to the channel selected on the transmitter key- 
board. LI through L8 are the least significant bits; Ml 
through M8 are the most significant bits. The data on 
these pins is accompanied by a Data Ready signal. 

DATA READY (Pin 17) 

A positive pulse with a duration of 768 /js appears at 
pin 17 of the transmitter approximately 0.1 second after 
a complete command is entered on the remote control 
transmitter keyboard. The negative going edge of this 
pulse may be used for triggering purposes. 

NOTE: A complete command is one digit in the single 
entry mode or two digits in the double entry mode. 

AFT ENABLE (AFT; Pin 4) 

The voltage level at this pin is low for a time duration 
of 0.393 second following a change in selected channel to 
allow disabling the tuner AFT circuit. Also, miscellaneous 
commands 0000, 0001, 0010, and 0011 (Channel Search 
Up/Down, Fine Tuning Up/Down) will cause this disable 
feature. 

POWER ON RESET (POR; Pin 3) 

This pin is low for power-on reset of the analog output 
to pulse width and off/on output to 0. An internal 
pull-up device of 10 to 400 /jA will charge an external 
capacitor. Reset occurs until the input voltage reaches 
70% Vdd. All internal registers will also be reset. 

ADDRESS (AO, 1 , 2, 3; Pins 19, 20, 21, 22) 

The Address outputs of the receiver identify selected 
analog and on/off commands for use in system expansion. 
The data on these lines is valid when accompanied by a 
Valid Address pulse. 



VALID ADDRESS (VA; Pin 1 8) 

A negative going pulse with a duration of 768 us ap- 
pears at pin 18 approximately 0.1 second after an analog 
on/off key on the remote control transmitter keyboard is 
operated. Either edge of this pulse may be used for con- 
trol of add-on circuits. 

The Valid Address pulse is repeated every 102.4 ms for 
as long as a key is operated which provides repeated trans- 
mission of data when held down. 

The Valid Address signal may be used in conjunction 
with the Address Outputs to drive memories to provide 
additional control functions such as color, tint, etc. 

The Valid Address pulse may be used to provide a 
stepping clock for up/down counters in a memory. The 
least significant address line (AO) is used to identify the 
up or down mode and the remaining address lines (A1, 
A2, A3) are decoded to enable each individual control 
circuit. 

By adding up/down counters to the Data Outputs, it is 
possible to use the Valid Address pulse and a decoded 
address for implementing a channel up/down stepping 
function from the remote control. Additional On/Off 
functions may be obtained by using the Valid Address 
pulse in combination with a decoded address for setting 
and resetting of latches. The Valid Address signal is dis- 
abled in the standby mode (On output at logical 0). 

UHF/VHF (Pin 6) 

This pin of the receiver provides a low level when the 
selected channel is a VHF channel (00 to 13, or 84 to 99). 

A high level on pin 6 identifies selection of a UHF 
channel (14 to 83). This signal is provided to permit 
switching of VHF and UHF tuners. 

ON (Pin 5) 

This pin of the receiver provides a low level following 
operation of the Off command (1001) on the remote- 
control transmitter. The signal on this pin changes to a 
high level when a channel is selected. 

ANALOG OUT (Vol; Pin 23) 

An analog voltage in the range between V and Vqq 
is obtained by integrating the signal at the Analog Out pin 
through a low pass filter. The analog voltage resolution 
has been chosen to be 64 steps. Its value can be incre- 
mented or decremented in steps of one by keys providing 
commands 01 1 1 and 0110, respectively. (See Table 1.) 

The analog voltage can be varied up or down at a 
speed of approximately 10 steps per second. The D/A 
conversion is performed with an underflow and an over- 
flow limiting circuit. The Analog Out pin is normally used 
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for the control of volume. The first time power is applied 
to the remote-control receiver, the volume output is 
volts. 

The Analog Out signal may be increased after a chan- 
nel has been selected by operating the key providing a 
command 01 1 1 . (Volume Up) 

The Analog Out signal may be muted by operating a 
key on the transmitter providing command 1000. Return 
to the original output prior to muting may be achieved by 
operating the mute key a second time or by operating the 
volume-up key. 

In the muted mode the analog level is memorized 
and cannot be varied by the up/down controls on the 
transmitter. 



LOW BAND (LBV; Pin 7) 

This pin will go HIGH whenever channels 02, 03, 04, 
05, or 06 are selected. The output is LOW for channels 
00, 01, and 07 through 99. 

SINGLE DIGIT OPERATION 

The receiver can be placed in a single-digit mode of 
operation by connecting the M4 data output (pin 9) to 
Vpp and the UHF output (pin 6) to V ss . In this mode, 
the LI through L8 channel outputs will change immedi- 
ately after the entry of a single digit on the transmitter 
keys. The Ml through M8 outputs are not used in this 
mode. (See Figure 6.) 



TABLE 2 - COMMAND CODES 



Function 












Bit 


MSB 


MSB - 1 


LSB + 1 


LSB 


Command 

















Channel Digit 














1 


Channel Digit 1 











1 





Channel Digit 2 











1 


1 


Channel Digit 3 








1 










Channel Digit 4 








1 





1 


Channel Digit 5 








1 


1 





Channel Digit 6 








1 


1 


1 


Channel Digit 7 
















Channel Digit 8 













1 


Channel Digit 9 










1 





Channel Digit 10 










1 


1 


Channel Digit 1 1 







1 








Channel Digit 12 







B OT *■)) l< 





1 


"Channel Digit 13 







; ^HVHO Wll 


1 





Channel Digit 14 







1 


1 


1 


Channel Digit 15 
















Channel Search Down 













1 


Channel Search Up 










1 





Fine Tuning Down 










1 


1 


Fine Tuning Up 







1 








Miscellaneous Command Spare 







;>,-!•»• . • 





• 1 


Miscellaneous Command Spare 







1 


1 





Volume Down 







1 


1 


1 


Volume Up 




1 











Mute On/Off 




1 








1 


Set Off 




1 





1 





Miscellaneous Command Spare 




1 





t 


1 


Miscellaneous Command Spare 




1 


1 








Miscellaneous Command Spare 




1 


1 





1 


Miscellaneous Command Spare 




1 


1 


.1 





Miscellaneous Command Spare 




1 


1 


1 


1 


Miscellaneous Command Spare 
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FIGURE 3 - TYPICAL ULTRASONIC SYSTEM 



100 pF 1000 pF 



Ultrasonic 

Ceramic 

Microphone 




D1, D2, D3 Infrared LEDs 

CR — Ceramic Resonator 
RMC Type CR-30 

From: 

Radio Materials Corp. 
Chicago, USA 
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FIGURE 5 - TYPICAL REMOTE CONTROL RECEIVER CIRCUIT DIAGRAM 



10 pF 




APPLICATION INFORMATION 

Typical circuits for the transmitter and receiver chips 
are shown in Figure 3 through 8. 

The transmitters, with the keyboard shown, transmit 
the first twenty codes from Table 1. The circuits of 
Figure 3 transmit via ultrasonic; whereas, the circuit of 
Figure 4 transmits infrared light. In Figure 3, push-pull 
output at pins 14 and 15 allows a balance drive to the 
ceramic microphone, which virtually doubles the trans- 
mitted power, compared to a single-ended output. 

The diagram in Figure 5 shows an amplifier connected 
to a remote receiver. The bias resistor (photodiode) of 
the amplifier requires bias. The bias voltage is determined 
by the choice of photodiode and system considerations 
such as ambient light. Most of the required gain is realized 



It is mandatory to use an infrared fitter 
in front of the photodiode. Type Kodak 



using three of the four hex inverters in the MC14069UB 
package. A fourth inverter from the same package operates 
a 500 kHz oscillator circuit. 

Figure 6 shows a block diagram of a PLL system. The 
receiver directly addresses a synthesizer. In this diagram, 
a complete command consists of two channel digits 
followed by an Enter code. The Enter code into the 
synthesizer is a 0101 in complementary logic. The trans- 
mitted code from the transmitter is 1010, which is 
Function 10 from Table 1. 

A block diagram of a tuning address system is shown 
in Figure 7. This block diagram incorporates a one-chip 
microcomputer that would be programmed to the sys- 
tem's needs. The system can be expanded up to 256 
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FIGURE 6 - BLOCK DIAGRAM OF A PLL SYSTEM 



MC14502B 
3 State Inverter 




Note; Adjust R and C to give a "0" 
on E which is long enough to 
enter data without problem. 

Note: Enter must be a 0101 in 
complementary logic. 





Binary 


Complement 




Diode 




Logic 





1 


2 


3 


4 


5 


6 


7 


8 


9 







Enter 



PLL 
Synthesizer 



Decoder/ 
Driver 



U 



O 
U 



FIGURE 7 - BLOCK DIAGRAM OF A TUNING ADDRESS SYSTEM FOR UP TO 256 CHANNELS 



Band Switching 



24 




9 R/C 


1 7 


MC14458 


2 


16 




15 




14 


1 


13 


12 


6 



'MC141000 is a 4 bit microprocessor 
internally programmed to customer 
needs. 



T_ 
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R3 



K1 K2 K4 K8 
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PLL 














Display 
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LOW-COST SMOKE DETECTOR 

The MC14466, or the MC14467, together with an ionization 
chamber, will detect smoke using a minimum of external com- 
ponents. When smoke is sensed, an alarm is sounded via an ex- 
ternal piezoelectric transducer and internal drivers. This circuit is 
designed to comply with the U.L. 217 specification. 

• Ionization Type with On-Chtp FET 

• Piezoelectric Horn Driver 

• Guard Outputs on Both Sides of Detect Input 

• Input Protection Diodes on the Detect Input (MC14467) 

• Low Battery Trip Point Internally Set Can Be Altered 

Via External Resistor 

• Detect Threshold Internally Set Can Be Altered Via 

External Resistor 

• Pulse Testing for Low Battery Uses LED for 

Battery Loading 

• Comparator Outputs for Detect and Low Battery 

• Internal Reserve Battery Protection 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 



LOW-COST SMOKE DETECTOR 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648B- IMC 144661 
CASE 648 (MCI 4467) 



' Pins 1 5 and 1 6 are connected via metal 
shorting bar. See package details in chap- 
ter 3. 



FIGURE 1 - BLOCK DIAGRAM 



1045 k> V °D 




Piezoelectric 
Horn Driver 



Low Battery Comp 



""IrU 



Latch 




t 




Oscillator 
Timer 


» 




Latch 






'DD 

Ue 



Smoke Comp 
14Q Q16 



Active 
Guard 



PIN ASSIGNMENT 



Detect 
Comp Out 



Low V 
Set 

Low V 
Comp Out 

LED I 

V DD I 

Timing , 
Resistor 1 




Detect 
' Input 



Osc 

Capacitor 



I v ss 



MC14466-MC14467 



1 I -J 



MAXIMUM RATINGS (Voltages referenced to V ss > 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


-0.5 to +15 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.25 to V DD + 0.25 


Vdc 


DC Current Drain per Input Pin 


I 


10 


mAdc 


DC Current Drain per Output Pin 


I 


30 


mAdc 


Operating Temperature Range 


T A 


to + 50 


°C 


Storage Temperature Range 


T stg 


-55 to +125 


°C 


Reverse Battery Time 


<RB 


5.0 


s 



RECOMMENDED DC OPERATING CONDITIONS (Voltage referenced to V ss ) 



Supply Voltage 



Timing Capacitor 



Timing Resistor 









Load (Resistor or LEDI 



Symbol 



VDD 







9.0 



0.1 



8.2 



10 



ELECTRICAL CHARACTERISTICS (T A « 26°C) 



Characteristic 


Symbol 


V D D 
Vdc 


Uin 


Typ 


Max 


Unit 


Operating Voltage 


V D D 




6.0 




10 


Vdc 






Output Voltage 












Vdc 


Piezoelectric Horn Drivers 0oH = 


16 mA) 


V H 


7.4 


6.5 








Comparators doH = 0-1 m A) 






9.0 


8.5 


8.8 






Piezoelectric Horn Drivers 0oi_ = 


-16 mA) 


vol 


7.4 






0.9 




Comparators (Iql s -0.1 m A) 






9.0 




0.1 


0.5 




Output Current - LED Driver 




iol 


7.4 


10 






mAdc 


(V OL = 3.0 Vdc) 












Operating Current 


, 


Idd 


9.0 




5.0 


9.0 


uAdc 


lRBias = 8-2 Mn) 
















Input Current - Detect {40% R.H.) 


'in 


9.0 






i 1.0 


pAdc 


Internal Set Voltage - Low Battery 
- Sensitivity 


v Low 
Vset 


9.0 


7.4 
47 


50 


8.0 
53 


Vdc 
% V DD 


Hysteresis 


VHys 


9.0 


75 


100 


150 


mVdc 


Offset Voltage 




vos 










mVdc 


Active Guard 






9.0 






± 100 




Detect Comparator 






9.0 






i 50 





This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that Vj n and V out be con- 
strained to the range Vss ^l v in or v out> < V DD- 

Unused inputs must always be tied to an appropriate logic voltage level le.g. either Vss or Vdq). 
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TIMING PARAMETERS (C « 0.1 i#, Rn.ias - 8 2 Mn, V DD = 9.0 Vdc, T A = 25°CI 



Characteristics 


Symbol 


Mm 


Typ 


Max 


Units 


Oscillator Period 


No Smoke 


tci 


1.34 


1 .67 


2.0 


s 




Smoke 




32 


40 


48 


ms 


Oscillator Pulse Width 


PW C | 


8 








10 


12 


ms 


Horn Output 

(During Smoke) 


On Time 
Off Time 


PW on 
PW ff 




200 
40 




ms 
ms 








LED Output 


Between Puises 
On Time 




32 


40 


48 

12 




*LED 
PW on 


8 


10 


s 

ms 


Horn Output 


On Time 


ton 


8 


10 


12 


ms 


(During Low Battery) 


Between Pulses 


'off 


32 


40 


48 


s 



No Smoke 
No Low Battery - 



TIMING DIAGRAM 



Smoke 
- No Low Battery - 



Smoke 
- Low Battery - 



No Smoke 
- Low Battery - 



Oscillator 
(Pin 12) 

Detect 

Comp (Pin 1) _ 
Low V 

Comp (Pin 4) - 
Horn 

Modulation - 

LED - 
Pulse - 



1.67s — + *j [*-40ms 10ms -HK~ 



I II 11 U IT 











mrnrnmrnnnnnnnnnnm 
j 



^ 



High = Horn Enable 
Low = Horn Disable 



LI U U U U U L 



-tv 4 



-ft- 



-|24 Clock Cyclesf- 
40 s 



-24 Clock Cycles — p-| 
1 t 



NOTES: 1. Horn modulation is self-completing. When going from smoke to no smoke, the alarm 
condition will terminate only when horn is off. 

2. Comparators are strobed on once per clock cycle (1.67 s for no smoke, 40 ms for smoke). 

3. Low battery comparator information is latched only during LED pulse. 
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DEVICE OPERATION 



The internal oscillators of the MCI 4466 and the 
MCI 4467 operate with a period of 1 .67 seconds dur- 
ing no-smoke conditions. Each 1.67 seconds, internal 
power is applied to the entire IC and a check is made for 
smoke. Every 24 clock cycles a check is made for low 
battery by comparing V DD to an internal zener voltage. 
Since very small current are used in the oscillator, the 
oscillator capacitor should be of a low leakage type. 

DETECT CIRCUITRY 

If smoke is detected, the oscillator period becomes 
40 ms and the piezoelectric horn oscillator circuit is 
enabled. The horn output is modulated 200 ms on, 40 ms 
off. During the off time, smoke is again checked and will 
inhibit further horn output if no smoke is sensed. During 
smoke conditions the low battery detection is inhibited, 
but the LED pulses at a 1 .0 Hz rate. 

An active guard is provided on both pins adjacent 
to the detect input. The voltage at these pins will be 
within 100 mV of the input signal. This will keep surface 
leakage currents to a minimum and provide a method 
of measuring the input voltage without loading the 
ionization chamber. The active guard op amp is not power 
strobed and thus gives constant protection from surface 
leakage currents. Pin 16 of the active guard is connected 
to pin 15 (the detect input) during shipping to protect 
pin 1 5 from static damage. 



SENSITIVITY/LOW BATTERY THRESHOLDS 

Both the sensitivity threshold and the low battery 
voltage levels are set internally by a common voltage 
divider connected between Vqq and Vss These voltages 
can be altered by external resistors connected from pins 
3 or 13 to either Vdd or V SS- There will be a slight 
interaction here due to the common voltage divider 
network. 

TEST MODE 

Since the internal op amps and comparators are power 
strobed, adjustments for sensitivity or low battery level 
could be difficult and/or time-consuming. By forcing 
pin 12 to Vgs, the power strobing is bypassed and the 
outputs, pin 1 and 4, constantly show smoke/no smoke 
and good battery/low battery, respectively. Pin 1 = Vrjo 
for smoke and pin 4 = Vdd ' or ' ow battery. In this mode 
and during the 10 ms power strobe, chip current rises to 
approximately 50 jjA. 

LED PULSE 

The 9-volt battery level is checked every 40 seconds 
during the LED pulse. The battery is loaded via a 10 mA 
pulse for 10 ms. If the LED is not used, it should be 
replaced with an equivalent resistor such that the battery 
loading remains at 1 mA. 

HYSTERESIS 

When smoke is detected, the resistor/divider network 
that sets sensitivity is altered to increase sensitivity. This 
yields approximately 100 mV of hysteresis and avoids 
false triggering. 



FIGURE 2 - TYPICAL APPLICATION AS IONIZATION SMOKE DETECTOR 




| — Test 



• NOTE : Component values may change depending on type of piezoelectric horn used. 
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FIGURE 3 - TYPICAL LED OUTPUT 
I • V CHARACTERISTIC 





0123456789 10 
V DS . DRAIN TO SOURCE VOLTAGE IVdt) 



FIGURE 4 ■ TYPICAL P HORN DRIVER OUTPUT 
I -V CHARACTERISTIC 



1 2 3 4 5 6 7 8 10 
Vds. DRAIN TO SOURCE VOLTAGE (Vdc) 




01 23456 789 10 
Vos. DRAIN TO SOURCE VOLTAGE IVdcl 
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MCI 4468 



Product Preview 



INTERCONNECT SMOKE DETECTOR 

i t .1. n Li cct 

lonisation Type with On-chip FET 
Piezoelectric Horn Driver On-chip 
Guard Outputs on Both Sides of Detect Input 
Input Protection Diodes on the Detect Input 
Low Battery Threshold, Internally Set, Can Be Altered via Exter- 
nal Resistor 

Detect Threshold, Internally Set, Can Be Altered via External 
Resistor 

Pulse Testing for Low Battery Uses LED for Battery Loading 
Comparator Outputs for Detect 
Internal Reverse Battery Protection 
Strobe Output for External Trim Resistors 

I/O Pin Allows up to 40 Units to be Connected for Common 
Signalling 

Power-on-reset Prevents False Alarms on Battery Change 



CMOS 

(LOW-POWER COMPLEMENTARY MOS) 

INTERCONNECT 
SMOKE DETECTOR 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



PIN ASSIGNMENT 

<C7 



DETECT COMP OUT [J J 1 

i/o 2 

LOW V SET [~_ 3 

STROBE |JJ 4 
LED 

V DD C 

TIMING RESISTOR | 7 

HORN OUT 1 [~ _ 8 



P 5 

6 



11 



16 ~ J GUARD 

15 DETECT INPUT 

14 GUARD 

13 ^T SENSITIVITY SET 

12 ~ J OSC CAPACITOR 



] HORN OUT 3 



10 HORN OUT 2 
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ADDRESSABLE ASYNCHRONOUS 
RECEIVER/TRANSMITTER 

The MC14469 Addressable Asynchronous Receiver Transmitter is 
constructed with MOS P-channel and N-channel enhancement de- 
vices in a single monolithic structure (CMOS). The MC14469 re- 
ceives one or two eleven-bit words in a serial data stream. One of the 
incoming words contains the address and when the address matches, 
the MC14469 will then transmit its information in two eleven-bit- 
word data streams. Each of the transmitted words contains eight 
data bits, even parity bit, start and stop bit. 

The received word contains seven address bits and the address of 
the MC14469 is set on seven pins. Thus 2? or 128 units can be 
interconnected in simplex or full duplex data transmission. In addi- 
tion to the address received, seven command bits may be received 
for data or control use. 

The MC14469 finds application in transmitting data from remote 
A-to-D converters, remote MPUs or remote digital transducers to the 
master computer or MPU. 

• Supply Voltage Range - 4.5 Vdc to 18 Vdc 

• Low Quiescent Current — 75/jAdc maximum » 5 Vdc 

• Data Rates to 9600 Baud 

• Receive - Serial to Parallel 
Transmit — Parallel to Serial 

• Transmit and Receive Simultaneously in Full Duplex 

• Crystal or Resonator Operation for On-Chip Oscillator 

• See also Application Note AN-806 
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MAXIMUM RATINGS (Voltages referenced to V ss , Pin 20. 





Symbol 


Value 


Unit 


DC Supplv Voltage 


v DD 


-0.5 to +18 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.5 toVp D + 0.5 


Vdc 


DC Current Drain per Pin 


I 


10 


mAdc 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is advised 
that normal precautions be Taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that Vj n and V out be constrained to the range 



; < (V in or V Q 



I ^ V 



DD 



ELECTRICAL CHARACTERISTICS 



Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss or v dd' 









Vdd 


T|ow* 


25°C 


T high* 




Characteristic 




Symbol 


Vdc 


Mm 




Mm 


Typ 




Mm 




Unit 


Output Voltage 


"0" Level 


v OL 


5 


1 ' 


0.05 


3 





0.05 




0.05 


Vdc 


Vin = VDD O'O 






1 




0.05 







0.05 




0.05 








15 




0.05 







0.05 




0.05 




V in .0orV DD 


" 1 " Lmel 


— — 

voh 


10 
15 


4.95 
9.95 




4.95 
9.95 


5.0 
15 




• : 
1495 




Vdc 


Input Voltage # 


"0" Level 


v 1 L 


















Vdc 


(V = 4.5 or 0.5 Vdc) 






5.0 




1.5 




2.25 


1.5 




1.5 




(V - 9.0 or 1.0 Vdc) 






10 




3.0 




4.50 


3.0 




3.0 




(V » 13.5 or 1.5 Vdc) 






1 5 




4 




6.75 


4 




4.0 






"1" Level 


Viu 
v In 


















Vdc 


(Vo - 0.5 or 4.5 Vdc) 






5.0 


3.5 




3.5 


2.75 




3.5 






(Vq= 10 or 9.0 Vdc) 






10 


7.0 




7.0 


5.50 




7.0 






(Vq - 1.5 or 13.5 Vdc) 






15 


11.0 




1 1 .0 


8.25 


- 


11.0 






Output Orive Current (Except Pin 2) 


'OH 


















mAdc 


(Vqh " 2.5 Vdc) 


Source 




5.0 


-1.0 




-0.8 


-1.7 




-0.6 






(V H * 4.6 Vdc) 






5.0 


-0.2 




-0.16 


-0.35 




-0.12 






(Voh-9 5 Vdc) 






10 


-0.5 




-0.4 


-0.9 




-0.3 






(V H " 13.5 Vdc) 






15 


-1.4 




-1.2 


-3.5 




-1.0 






(Vql - 4 Vdc) 


Sink 


)OL 


5.0 


0.52 




0.44 


0.88 




0.36 




mAdc 


(v L = 05 vdd 






10 


1.3 




1.1 


2.25 




0.9 






(v L - 1 - 5 vdc) 






15 


3.6 




3.0 


8.8 




2.4 






Output Drive Current (Pin 2 Only) 


)OH 


















mAdc 


(Vqh = 2.5 Vdc) 


Source 




5.0 


-0.19 




-0.16 


-0.32 




-0.13 






(V H = 4.6 Vdc) 






5.0 


-0.04 




-0.035 


-0.07 




-0.03 






IV H -9-5 Vdc) 






10 


-0.09 




-0.08 


-0.16 




-0.06 


















(Voh = 13.5 Vdc) 






15 


-0.29 




-0.27 


-0.48 




-0.2 






(Vol = 4 Vdc) 


Sink 


'OL 


6.0 


0.1 




0.085 


0.17 




0.07 




mAdc 


(Vol = 0.5 vdc) 






10 


0.17 




0.14 


0.28 




0.1 






(V L= 1-5 Vdc) 






15 


0.50 




0.42 


0.84 




0.3 


















Maximum Frequency 


'max 


4.5 


400 




365 


550 




310 




kHz 


Input Current 


in 


15 




+0.3 




±0.00001 


±0.3 




±1.0 


^Adc 


Pull. Up Current (Pins 4-18) 


'up 


15 


12 


120 


10 


50 


100 


8.0 


85 


MAdc 


Input Capacitance 

(v in = oi 




c in 










5.0 


7.5 






pF 
















Quiescent Current 




'DD 


5.0 




75 




0.010 


75 




565 


^Adc 


(Per Package} 






10 




150 




0.020 


150 




1125 










15 




300 




0.030 


300 




2250 




Supply Voltage 


Vdd 


- 


► 4.5 


+ 18.0 


+ 4.5 




+18.0 


+4.5 


+ 18.0 


Vdc 













•Tiow - -40°C 
Thigh - +85°C 

=Noise immunity specified for worst-case input combination. 
Noise Margin both "1" and "0" level = 1.0 Vdc min® V D d » 5.0 Vdc 
2.0 Vdc min @ V D D " 10 Vdc 
2.5 Vdc min & V D D = 15 Vdc 
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RECEIVE DATA (Rl; Pin 19) 



MC14469 

Pin Number 

Pin Designation 

MC6850 

ACIA Pin Numb. 



"I r t T T t- T T t — | -r 
L J. l— i- J y^L. J 



Pin Designation 
TRANSIT DATA (TRO; Pin 21) 



4 5 6 7 8 9 10 
AO A1 A2 A3 A4 A5 A6 



22 21 20 19 18 17 16 
DO D1 D2 D3 D4 D5 D6 



Address 
dentif ior 



"biTIT 



T T "T T I , 



*i 

\ Command 



39 38 37 36 3S 34 33 

CO CI C2 C3 C4 C5 C6 

22 21 20 19 18 17 16 

DO D1 D2 D3 D4 D5 D6 



- Status 



ST 
P 
SP 



MC14469 
Pin Numbers 

Pin Designation 
MC6850 

ACIA Pin Number 
Pin Designation 

Start Bit 

Parity Bit (even) 

Stop Bit 



L 1 1 1 i A 



t T T p -i SP r7r t t t t t ^ t t -i 



11 12 13 14 15 16 17 18 
I DO iDI ID2 iD3 ID4 ID5 ID6 ID7 



22 21 20 19 18 17 16 15 
DO D1 D2 D3 D4 D5 D6 D7 



29 28 27 26 25 24 23 22 
SO SI S2 S3 S4 S5 S6 S7 



22 21 20 19 18 17 16 15 
DO Ol D2 D3 D4 D5 D6 D7 



AO -* A6 = Address Bits 
CO -> C6 ~ Command Bi 
DO - * D7 = ACIA Bus Bil 



IDO -S ID7 - MC14469 Identification Code 
SO -f S7 - MC14469 Status Code 



CORRESPONDING DATA POSITION AND PINS FOR MC14469 AND MC6850 
TYPICAL RECEIVE/SEND CYCLE 



M 



M 



Address S Command b 

J D D S01234567 pSoi 234567 



Receiver Input (Rl) 



Valid Address Pulse 
(VAP) 



Internal Valid 
Address Memory 
tVAL) 



i r 



Command Strobe 
Output (CS) 



Send Input 
(Send) 



_rr~i 







V I S H 

° ° I s Ix Ix; x"[x[xyxy x >TPl p \s) x fx[x fx fx [x [x ; xl p; P 

T01234567" T01234567 
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DEVICE OPERATION 



OSCILLATOR (Osc1, Osc2; Pins 1.2)- These pins 
are the oscillator input and output. (See Figure 1 .) 



RESET (Reset; Pin 3) - When this pin is pulled low, 
the circuit is reset and ready for operation. 

ADDRESS (A0-A6; Pin 4, 5, 6. 7, 8, 9, 10) - These 
are the address setting pins which contain the address 
match for the received signal. 

INPUT DATA (ID0-ID7; Pins 1 1 , 1 2, 13. 14, 1 5, 1 6. 

17, 18) — These pins contain the input data for the 
first eight bits of data to be transmitted. 

RECEIVE INPUT (Rl; Pin 1 9) - This is the receive input 
pin. 

NEGATIVE POWER SUPPLY (V ss ; Pin 20) - This pin 
is the negative power supply connection. Normally this 
pin is system ground. 

TRANSMIT REGISTER OUTPUT SIGNAL (TRO; Pin 

21) — This pin transmits the outgoing signal. Note 
that it is inverted from the incoming signal. It must go 
through one stage of inversion if it is to drive another 
MC14469. 



SECOND or STATUS INPUT DATA (S0-S7, Pins 22, 
23, 24, 25, 26, 27, 28, 29) - These pins contain the 
input data for the second eight bits of data to be 
transmitted. 

SEND (Send; Pin 30) — This pin accepts the send 
command after receipt of an address. 

VALID ADDRESS PULSE (VAP; Pin 31) - This is the 
output for the valid address pulse upon receipt of a 
matched incoming address. 

COMMAND STROBE (CS; Pin 32) - This is the output 
for the command strobe signifying a valid set of com- 
mand data on pins 33-39. 

COMMAND WORD (C0-C6; Pins 33, 34, 35, 36, 37, 

38, 39) — These pins are the readout of the command 
word which is the second word of the received signal. 

POSITIVE POWER SUPPLY (V DD ; Pin 40) - This pin is 
the package positive power supply pin. 



OPERATING CHARACTERISTICS 



The receipt of a start bit on the Receive Input (R1 ) 
line causes the receive clock to start at a frequency 
equal to that of the oscillator divided by 64. All receiv- 
ed data is strobed in at the center of a receive clock 
period. The start bit is followed by eight data bits. 
Seven of the bits are compared against states of the 
address of the particular circuit (A0-A6). Address is 
latched 31 clock cycles after the end of the start bit of 
the incoming address. The eighth bit signifies an ad- 
dress word "1" or a command word "0". Next, a 
parity bit is received and checked by the internal logic 
for even parity. Finally a stop bit is received. At the 
completion of the cycle if the address compared, a 
Valid Address Pulse (VAP) occurs. Immediately follow- 
ing the address word, a command word is received. It 
also contains a start bit, eight data bits, even parity bit 
and a stop bit. The eight data bits are composed of a 
seven-bit command, and a "0" which indicates a 
command word. At the end of the command word a 
Command Strobe Pulse (CS) occurs. 



A positive transition on the Send input initiates the 
transmit sequence. Send must occur within 7 bit times 
of CS. Again the transmitted data is made up of two 
eleven-bit words, i.e., address and command words. 
The data portion of the first word is made up from In- 
put Data inputs (IDO-1D7), and the data for the se- 
cond word from Second Input Data (SO-S7) inputs. 
The data on inputs 1D0-1D7 is latched one clock 
before the falling edge of the start bit. The data on in- 
puts S0-S7 is latched on the rising edge of the start 
bit. The transmitted signal is the inversion of the 
received signal, which allows the use of an inverting 
amplifier to drive the lines. TRO begins either 1/2 or 
11/2 bit times after Send, depending where Send oc- 
curs. 

The oscillator can be crystal controlled or ceramic 
resonator controlled for required accuracy. Pin 1 may 
be driven from an external oscillator. See Figure 1 . 
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FIGURE 1 - OSCILLATOR CIRCUIT 
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FIGURE 2- RECTIFIED POWER FROM DATA LINESCIRCUIT 
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Note: Ceramic Resonators 

307.2 kHz ± 1 kHz for 4800 Baud Rate 
C1 - C1 50 pF 
C2 - C2 ^ 200 pF 
(Ceramic Resonator Suppliers: 

Radio Materials Company, Chicago, Illinois 
Vernitron Piezoelectric Division, Bedford, Ohio) 

■ 

FIGURE 3 - A-D CONVERTER INTERFACE 
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FIGURE 4 - SINGLE LINE, SIMPLEX DATA TRANSMISSION 




Remote MCi 4469 Stations Note: For Simplex operation the ID7 must be tied high, S7 must be 

tied low and the 7-bit ID must be set to some unused address 
to prevent erroneo 
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FIGURE 5 - DOUBLE LINE. FULL DUPLEX DATA TRANSMISSION 
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FIGURE 6 - FLOWCHART OF MC14469 OPERATION 
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MOTOROLA 



HEX CONTACT BOUNCE ELIMINATOR 

The MC14490 is constructed with complementary MOS enhance- 
ment mode devices, and is used for the elimination of extraneous level 
changes that result when interfacing with mechanical contacts. The 
digital contact bounce eliminator circuit takes an input signal from a 
bouncing contact and generates a clean digital signal four clock periods 
after the input has stabilized. The bounce eliminator circuit will remove 
bounce on both the "make" and the "break" of a contact closure. The 
clock for operation of the MC14490 is derived from an internal R-C 
oscillator which requires only an external capacitor to adjust for the 
desired operating frequency (bounce delay). The clock may also be 
driven from an external clock source or the oscillator of another 
MC14490. 

• Diode Protection on All Inputs 

• Noise Immunity = 45% of Vqq Typical 

• Six Debouncers Per Package 

• Internal Pullups on All Data Inputs 

• Can Be Used as a Digital Integrator, System Synchronizer, or Delay 
Line 

• Internal Oscillator (R-CI, or External Clock Source 

• TTL Compatible Data Inputs/Outputs 

• Single Line Input, Debounces Both "Make" and "Break" Contacts 

• Does Not Require "Form C" (Single Pole Double Throw) Input 
Signal . s< 

• Cascadable for Longer Time Delays 

• Schmitt Trigger on Clock Input (Pin 7) 

• Supply Voltage Range = 3.0 V to 18 V 
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CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

HEX CONTACT 
BOUNCE ELIMINATOR 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 




ORDERING INFORMATION 

l4xxx-r-Suffix Denotes 

I- L Ceramic Package 
L P Plastic Package 
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MAXIMUM RATINGS IVoltages referenced lo V S s. Pin 8 I 



PIN ASSIGNMENT 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to + 18 


V 


Input Voltage, All Inputs 


Vfo 


-0.5 to 
Vdd + 0.5 


V 


DC Current Drain per Input Pin 


1 


10 


mA 


Operating Temperature Range MC14490L 

MC14490P 


TA 


-55 to +125 
- 40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +160 


°C 



1 r= 


*io 


v o 


=,16 


2 t= 


B out 


A out 


=3 15 


3 = 


c,„ 


Bin 


=114 


4 C= 


°ouT 


c out 


=113 


5 = 


E|„ 


°in 


= 12 


6 <= 


F out 


Eout 


=1 1 1 


7 t= 


°*m 


f,n 


=110 


8 r= 


V SS 


Oic out 


=19 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


VDD 


Tlow" 


25 °C 


Thigh" 


Unit 


Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Output Voltage 


"0" Level 




5.0 


- 


0.05 


- 





0.05 


- 


0.05 




v in = V DD or 




vol 


10 
15 


_ 


0.06 
0.05 


_ 






0.05 
0.05 


_ 
_ 


0.05 
0.05 


V 




"1" Level 




5.0 


4.95 




4 95 


5 




4 95 






v m - u of VDD 


— 


voh 


10 
15 


9.95 
14 95 


- 


9.95 
14 95 


10 
15 


- 


9,95 
14.95 


- 


V 


Input Voltage # 


Level 






















IV = 4.5 or 0.5 VI 




V|L 


5.0 




1 .5 




2 25 


1 .5 




1 .5 


V 


IV o = 9.0or 10 VI 
IV =13.5or 1 5 VI 




10 


- 


3.0 


- 


4.50 


3.0 


- 


3.0 






15 




4.0 




6.75 


4.0 




4.0 






"1" Level 






















(V = 5 or 4.5 VI 




V|H 


50 


3.5 




3.5 


2 75 




3.5 




v 


(Vo=1.0 or 9.0 V) 






10 


7 




7.0 


5.50 




7.0 






(V = 15 or 13.5 VI 






15 


11.0 




11.0 


8.25 


_ 


11.0 


_ 




Output Drive Current 
























Source 
























Oscillator Output 
























IV H = 2.5 VI 






5 


-0.6 


- 


-0.5 


-1.5 


— 


-0 4 


- 




(V H = 4 6 VI 






5 


-0.12 




-0.1 


-0.3 




-0 08 






IV H = 9 5 V) 




lOH 


10 


-0 23 




-0.20 


-0 8 




-0.16 






IV H=13 5VI 




15 


- 1.4 




-1.2 


-3 




-1.0 




mA 


Debounce Outputs 
























IV H = 2.5 VI 






5.0 


-0.9 




-0.75 


-2.2 




-0.6 






IV H = 4.6 VI 






5.0 


-0 19 


— 


-0.16 


-0.4C 




-0 12 






IV OH = 9.5 VI 






10 


-0.60 


- 


-0.50 


-12 




-0.4 






IV H = 13 5 VI 






15 


-1.8 




-1 5 


-4.5 




-1.2 






Sink 






















Oscillator Output 
(V L = 0.4 VI 






5.0 


036 






















030 


0.9 




024 






IV OL = 0.5 VI 






10 


0.9 




0.75 


2.3 




0.6 






(V0L=1 5 VI 




lOL 


15 


4.2 




3.5 


10 




2.8 




mA 


Debounce Outputs 
IV OL = 0.4 VI 






5.0 


2.6 




2.2 


40 




1.8 






(Vol = 0.5 VI 






10 


4.0 




3.3 


9 




2.7 






IV L=1 5 VI 






15 


12 




10 


36 




6.4 






Input Current 

Debounce Inputs IV|h = VddI 


hH 


16 




2 




0.2 


2 




11 


cA 






















Input Current Oscillator - Pin 7 


l,n 


15 




±620 




±255 


±400 




±250 


fA 


Pullup Resistor Source Current 






5.0 


210 


375 


140 


190 


255 


70 


130 




Debounce Inputs 




IlL 


10 


415 


740 


280 


380 


500 


145 


265 


/•A 


IV| L = V SS I 






15 


610 


1100 


415 


570 


750 


215 


400 




Input Capacitance IV ln = 01 


C,n 










5.0 


7,5 






pF 


Quiescent Current 




!DD 


50 




150 




40 


100 




90 


*A 






10 




280 




90 


225 




180 









15 




840 




225 


660 




550 





INoise immunity specified loi worst case combination 
Noise margin lor both "1" and "0" level = 10 V min (3 Vqq 

2.0 V mm @ V DD 
2.5 V mm (S) Vqq 



50 V 
DD='0V 
15 V 



' T low= -56 C for L Device. -40° C lor P Device 
T high= + I25°C for L Device. +85°C lor P Device. 
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SWITCHING CHARACTERISTICSc L = 50pF, T A = 25°CI 





Characteristic 


Symbol 


v DD 

Vdc 


Min 


Typ 


Max 


Unit 


Output Rise Time 
All Outputs 








HLH 


5 
10 




180 
90 


360 
180 


ns 
















15 


- 


65 


130 




Output Fall Time 
Oscillator Output 

Debounce Outputs 






tTHL 


5 
10 
15 
5.0 
10 
15 


- 


100 
50 
40 
60 
30 
20 


200 
100 
80 
120 
60 
40 


ns 


Propagation Delay Time 
Oscillator Input to Debounce Outputs 


IPHL 


5.0 
10 
15 




285 
120 
95 


570 
240 
190 


ns 


















<PLH 


5.0 
10 
15 




370 
160 
120 


740 

320 
240 




Clock Frequency (50% Duty Cycle) 
(External Clock) 


<cl 


5.0 
10 
15 




2.8 
6 
9 


1.4 
30 
4 5 


MHz 


Setup Time 


{See Figure 11 






tm 


5.0 
10 
15 


100 
80 
60 


50 
40 
30 




ns 


Maximum External Clock Input 
Rise and Fall Time 
Oscillator Input 






'r. 'f 


50 
10 
15 


No Limit 


ns 


Oscillator Fr 

°& 


equency 






'osc. 'VP 


6.0 
10 
15 


1.5 
Cext lin 
4.5 

Cext (ln e FI 

65 
C ex , (in ,iF) 


Hz 


■OOpF 


10 0.1 

















This device contains circuitry to protect the inputs against damage due to high static voltages or electric 
fields: however, it is advised that normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that 
V in and V out be constrained to the range Vgs ^ (Vj n or V out ) ^ Vrjrj. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgs or Vqq). 

- ■ ■ 



FIGURE 1 - TYPICAL SWITCHING TIME WAVEFORMS FIGURE 2 - AMBIENT TEMPERATURE 



POWER DERATING 




MC14490 



The MC14490 Hex Contact Bounce Eliminator is 
basically a digital integrator. The circuit can integrate 
both up and down. This enables the circuit to eliminate 
bounce on both the leading and trailing edges of the signal, 
shown in the timing diagram of Figure 3. 

Each of the six Bounce Eliminators is composed of a 
4!6-bit register (the integrator) and logic to compare the 
input with the contents of the shift register, as shown in 
Figure 4. The shift register requires a series of timing 
pulses in order to shift the input signal into each shift 
register location. These timing pulses (the clock signal) 
are represented in the upper waveform of Figure 3. Each 
of the six Bounce Eliminator circuits has an internal 
resistor as shown in Figure 4. A pullup resistor was incor- 
porated rather than a pulldown resistor in order to imple- 
ment switched ground input signals, such as those coming 
from relay contacts and push buttons. By switching 
ground, rather than a power supply lead, system faults 
(such as shorts to ground on the signal input leadjj will 
not cause excessive currents in the wiring and contacts. 
Signal lead shorts to ground are much more probable than 
shorts to a power supply lead. 

When the relay contact is open the shift register is 
loaded with a 1 (positive logic assumed) on each positive 
edge of the clock signal. To understand the operation, we 
assume all bits of the shift register are loaded with 1's and 
the output is at a 1 or high level. 

At clock edge 1 (Figure 3) the input has gone low 
and a (low level) has been loaded into the first bit or 
storage location of the shift register. Just after the posi 
tive edge of clock 1 the input signal has bounced back to 
a logic 1. This causes the shift register to be reset to all 
1's in all four bits - thus starting the timing sequence 
over again. 

During clock edges 3 to 6 the input signal has stayed 
low. Thus a logic has been shifted into all four shift 
register bits and, as shown, the output goes to a during 
the positive edge of clock pulse 6. 

It should be noted that there is a 3Vi to 4V4 clock 
period delay between the clean input signal and output 
signal. In this example there is a delay of 3.8 clock periods 
from the beginning of the clean input signal. 



THEORY OF OPERATION 



After some time period of N clock periods, the contact 
is opened and at N+7 a 1 is loaded into the first bit. Just 
after N+7, when the input bounces low, all bits are reset 
to 0. At N+8 nothing happens because the input and 
output are low and all bits of the shift register are 0. At 
time N+9 and thereafter the input signal is a high (1 ) clean 
signal. At N + 13 the output goes high (1) as a result of 
four 1 's being shifted into the shift register. 

Assuming the input signal is long enough to be clocked 
through the Bounce Eliminator, the output signal will be 
no longer or shorter than the clean input signal plus or 
minus one clock period. 

The amount of time distortion between the input and 
output signals is a function of the difference in bounce 
characteristics on the edges of the input signal and the 
clock frequency. Since most relay contacts have more 
bounce when making as compared to breaking, the overall 
delay, counting bounce period, will be greater on the 
leading edge of the input signal than on the trailing edge. 
Thus, the output signal will be shorter than the input 
signal - if you include the leading edge bounce in the 
overall timing calculation. 

The only requirement on the clock frequency in order 
to obtain a bounce free output signal is that four clock 
periods do not occur while the input signal is in a false 
state. Referring to Figure 3, a false state is seen to occur 
three times at the beginning of the input signal. The input 
signal goes low three times before it finally settles down 
to a valid low state. The first three low pulses are referred 
to as false states. 

If the user has an available clock signal of the proper 
frequency, it may be used by connecting it to the oscillator 
input (pin 7). However, if an external clock is not available 
the user can place a small capacitor across the oscillator 
input and output pins in order to start up an internal 
clock source (as shown in Figure 4). The clock signal at 
the oscillator output pin may then be used to clock other 
MC14490 Bounce Eliminator packages. With the use of the 
MC14490, a large number of signals can be cleaned up, 
with the requirement of only one small capacitor external 
to the Hex Bounce Eliminator packages. 
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3 - TIMING DIAGRAM 
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FIGURE 4 



- TYPICAL "FORM A" CONTACT DE BOUNCE CIRCUIT 
(Only One Denouncer Shown) 




OPERATING CHARACTERISTICS 



The single most important characteristic of the MC14490 is 
that it works with a single signal lead as an input, making it 
directly compatible with mechanical contacts (Form A and 
81. 

The circuit has a built in pullup resistor on each input. The 
worst case value of the pullup resistor (determined from the 
Electrical Characteristics table) is used to calculate the con- 
tact wetting current. If more contact current is required, an 
external resistor may be connected between Vqq and the in- 
put. 

Because of the built-in pullup resistors, the inputs can- 
not be driven with a single standard CMOS gate when Vqq 
is below 5 V . At this voltage, the input should be driven with 



paralleled standard gates or by the MC14049 or MC14050 
buffers. 

The clock input circuit (pin 7) has Schmitt trigger shaping 
such that proper clocking will occur even with very slow 
clock edges, eliminating any need for clock preshaping. In 
addition, other MC14490 oscillator inputs can be driven from 
a single oscillator output buffered by an MC14050 (see 
Figure 5). Up to six MC14490S may be driven by a single buf- 
fer. 

The MC14490 is TTL compatible on both the inputs and 
the outputs. When Vdd is at 4.5 V, the buffered outputs can 
sink 1.6 mA at 0.4 V. The inputs can be driven with TTL as a 
result of the internal input pullup resistors. 
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TYPICAL APPLICATIONS 



ASYMMETRICAL TIMING 

In applications where different leading and trailing 
edge delays are required (such as a fast attack/slow release 
timer.) Clocks of different frequencies can be gated into 
the MC14490 as shown in Figure 6. In order to produce a 
slow attack/fast release circuit leads A and B should be 
interchanged. The clock out lead can then be used to 
feed clock signals to the other MC14490 packages where 
the asymmetrical input/output timing is required. 

FIGURE 6 - FAST ATTACK/SLOW RELEASE 
CIRCUIT 




MULTIPLE TIMING SIGNALS 

As shown in Figure 8, the 8ounce Eliminator circuits 
can be connected in series. In this configuration each 
output is delayed by four clock periods relative to its 
respective input. This configuration may be used to gener 
ate multiple timing signals such as a delay line, for 
programming other timing operations. 

One application of the above is shown in Figure 9, 
where it is required to have a single pulse output for a 
single operation (make) of the push button or relay contact. 
This only requires the series connection of two Bounce 
Eliminator circuits, one inverter, and one NOR gate in 
order to generate the signal AB as shown in Figures 9 and 
10. The signal AB is four clock periods in length. If the in- 
verter is switched to the A output, the pulse Al will be 
generated upon release or break of the contact. With the use 
of a few additional parts many different pulses and 
waveshapes may be generated. 



FIGURE 8 - MULTIPLE TIMING CIRCUIT CONNECTIONS 
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LATCHED OUTPUT 

The contents of the Bounce Eliminator can be latched 
by using several extra gates as shown in Figure 7. If the 
latch lead is high the clock will be stopped when the 
output goes low. This will hold the output low even 
though the input has returned to the high state. Any time 
the clock is stopped the outputs will be representative of 
the input signal four clock periods earlier. 

FIGURE 7 - LATCHED OUTPUT CIRCUIT 
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FIGURE 9 - SINGLE PULSE OUTPUT CIRCUIT 
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FIGURE 10 - MULTIPLE OUTPUT SIGNAL TIMING DIAGRAM 
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BINARY-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVERS 

The MCI 4493, MCI 4494 and MC14495 are all constructed with 

CMOS enhancement mode devices and NPN bipolar output drivers 

on a single monolithic structure. Internal series resistors of typically 

290 ohms allow the parts to interface directly with seven segment 

common cathode LED displays at 5 volt supply. 

Applications include MPU systems, TV displays and general purpose 

displays. 

• MC14493 - binary plus one decoding for 1%-digits 

• MC14494 - binary decoding for 1%-digits 

• MC14495 - binary to hexadecimal decoding 

• VCR output activated when 1 6 or F is displayed 

• High-current sourcing outputs with internal limiting resistance 

• Internal input level shift 



Supply voltage range 4.5 to 1 8 Vdc 



MC14493 
MC 14494 
MCI 4495 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOSI 



BINARY TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVERS 




L SUFFIX 

CERAMIC PACKAGE 
CASE 6J0 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 
MC14XXX _ Suffix D.nota. 



Caramic Packaga 




MAXIMUM RATING (T A = 25 °C) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 




-0.5 V to +18 


Vdc 


Input Voltage, all Inputs 


V|N 


-0.5 v to Vdd + 0.5 


Vd c 


DC Current Drain per Input 


i 


10 


mA 


Dissipation per Output Driver 
Pins 1, 2, 3, 12, 13, 14, 15 
Pin 4 




50 
100 


mW 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


*c 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that Vj n and V out be con- 
strained to the range Vgs (Vi n or V out ) < Vqq. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgs ° r V DD'- 



ELECTRICAL CHARACTERISTICS (All voltages referenced to V ss = 0, T A = 25°C) 







Characteristics 


Symbol 


Min. 


Max. 


Unit 


DC Supply Voltage 






vdd 


4.5 


16 


V 




Input Voltage 






V|L 




0.8 


V 






(v D d - is v) 


V|H 


4 




V 






(v DD -s vl 




3.5 






Input Current 






UN 




±1 


** 


VCR, Output, open d 


rain 


(V 0H = v DD i 


!OH 




±1 


uA 






(v l -o.5 v, v D d = 5V) 
(v l - 0.5 v, v D d = 15 V) 


lOL 


0.2 
1 




mA 


Outputs a.b.c.d,e,f,g 






lOH 


-6.0 
-6.0 




mA 




(v h = 20 v, vqd -5 v) 

IV H = 1-5 V, V D D = 5V) 
IV 0H =12V. V 0D -15V> 
(V H = 11-5 V, V D D =15 v) 


-14.0 
-14.0 






(V L=1 V, V D D = 5V) 

<v l = i v, v DD -15 V) 


lOL 


0.1 
0.5 




mA 


Output h + i 




(V 0H -2V. V D D = 5V) 

(v h = 1-5 v. vdd - 15 v) 

(V H " 12 V, v D d - is V) 
(Voh-11-5 V, V DD = 15V) 


'OH 


-12.0 
-12.0 


-28.0 
-28.0 


mA 






(v 0L = i v, v DD = 5 vi 
(v 0L = i v, v DD -15 V) 


lOL 


0.2 
1.0 




mA 
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SWITCHING CHARACTERISTICS <C L = 50 pF, T A = 25 °C) 



Characteristic 


Symbol 


V DD 

Vdc 


Min 


Typ 


Max 


Unit 


Propagation Delay Times 


T PLH 


5.0 
10 
15 


— 


1 .20 
0.45 
0.27 


2.50 
0.90 
0.55 


us 




T PHL 


5.0 
1 
15 


_ 


750 
235 
135 


1500 
470 
270 


us 


Output Rise Time 


T TLH 


5.0 
10 
1 5 




500 
345 
250 


1000 
700 
500 


ns 


Output Fail Time 


T THL 


5.0 
10 
15 




130 
40 

27 


260 
80 
55 


ns 


Clock Pulse Width 














«WH 


5.0 
10 
15 


2.4 
0.70 
0.55 


1.2 
0.35 
0.27 







INPUT/OUTPUT FUNCTIONS 



SEGMENT DRIVER (a, b, c, d, e, f, g, h, i; Pins 1. 2, 3, 
4,12,13,14,15). 

The segment drivers are emitter-follower NPN-tran- 
sistors. To limit the output current, a resistor typically 
290 ohms is integrated internally at each output. There- 
fore, external resistors are not necessary when driving an 
LED at the supply voltage of VqD = 5 vol,s - 

OUTPUT VCR (Pin 11) 

This output is activated (goes to low) whenever the 
address corresponding to program 16 is selected. Other- 
wise the output is open. See the truth table. 



INPUT LATCH (A, B, C, D; Pins 5, 6, 8, 10) 

The block diagram is shown on page 1. The inputs A, B, 
C and D are fed to a 4-bit latch which is controlled by 
clock (CD. Two modes of operation are available. 

CLOCK (CL; Pin 7) 

The data on the inputs A, B, C aNd D will pass through 
the latch and will be displayed immediately when the 
clock is low. In this mode of operation the circuit is 
performing the function of a conventional decoder/driver. 
The data may be loaded into the latch when CL = low 
and will be latched with the rising edge of CL. The data 
will remain stored as long as ( 



s CL is high. 



TABLE 1 - TABLE OF INSTRUCTIONS 



14493 TRUTH TABLE 




14494 TRUTH TABLE 


A 


B 


c 


D 


a b c 


d 


e 


f g 


h+i 


VCR 


Display 


A 


B 


c 


D 


1 


b 


c 


d 





f 


I 


h+i 


VCR 


Display 














1 1 














Open 


1 
















1 





1 


1 


1 


1 


i 


1 





16 


1 











1 1 


1 


1 


1 





Open 


2 




1 














1 


1 

















Open 


1 





1 








1 1 1 


1 





1 





Open 


3 







1 










1 





1 


1 





1 





Open 


2 


1 


1 








1 1 








1 1 





Open 


4 




1 


1 










1 


1 


1 








1 





Open 


3 








1 





1 1 


1 





1 1 





Open 


5 










1 







1 


1 








1 


1 





Open 


4 


1 





1 





1 1 


1 


1 


1 1 





Open 


6 




1 





1 










1 


1 





1 


1 





Open 


5 





1 


1 





1 1 1 














Open 


7 







1 


1 










1 


1 


1 


1 


1 





Open 


6 


1 


1 


1 





1 1 1 


1 


1 


1 1 





Open 


8 




i 


1 


1 







1 


1 

















Open 


7 











1 


1 1 1 


1 





1 1 





Open 


9 













1 




1 


1 


1 


1 


1 


1 





Open 


8 


1 








1 


1 1 1 


1 


1 


1 




Open 


10 




i 








1 




1 


1 


1 





1 


1 





Open 


9 





1 





1 


1 1 













Open 


11 







1 





1 




1 


1 


1 


1 


1 







Open 


10 


1 


1 





1 


1 1 


1 


1 


1 




Open 


12 




1 


1 





1 




1 


1 
















Open 


11 








1 


1 


1 1 1 


1 





1 




Open 


13 










1 


1 




1 





1 


1 





1 




Open 


12 


1 





1 


1 


1 1 








1 1 




Open 


14 




1 





1 


1 




1 


1 


1 








1 




Open 


13 





1 


1 


1 


1 1 


1 





1 1 




Open 


15 







1 


1 


1 





1 


1 








1 


1 




Open 


14 


1 


1 


1 


1 


1 1 


1 


1 


1 1 







16 




1 


1 


1 


1 


1 





1 


1 





1 


1 




Open 


15 
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MC14495 TRUTH TABLE 



INPUTS 


OUTPUTS 


D C 8 A 


abcdefgh+i 


VCR 


DISPLAY 





1111110 


Open 





1 
10 
11 


U I 1 u u u u u 
110 110 10 
11110 10 


Open 
Open 
Open 


| 

2 
3 


10 
10 1 
110 
111 


110 110 
10 110 110 
10 111110 

1 1 1 


Open 
Open 
Open 
Open 


4 

5 
6 

7 


10 
10 1 
10 10 
10 11 


11111110 
11110 110 
1110 1111 
111111 


Open 
Open 
Open 
Open 


8 
9 
A 

b 


110 
110 1 
1110 

1111 


10 1110 1 
11110 11 
10 11111 


Open 
Open 
Open 


C 
d 

E 


1 1 1 1 1 





F 







TABLE 2 - 
MC14495 
ALPHANUMERIC DISPLAY 



l0l lM wlgST W3la lblC lo'lf if 



0123456 78 9 10 11 12 13 14 15 



FIGURE 3 - TYPICAL 
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MCI 4493/4/5 
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- VCR 



NOTE : Series resistors are necessary 



if V DD is 




higher than 5 V. 
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Advance Information 



HEXADECIMAL-TO- SEVEN SEGMENT LATCH/ 
DECODER/ DRIVER 



The MC14495-1 hexadecimal-to-seven segment latch/decoder/driver 
is constructed with CMOS enhancement-mode devices and NPN 
bipolar output drivers in a single monolithic structure. The circuit pro- 
vides the functions of a 4-bit storage latch. With a 5-volt power supply, 
it can be used without resistor interface to drive seven segment LED 
displays. The series output resistors of, typically, 290 ohms are internal 
to the device. 

Applications include MPU systems display driver, instrument display 
driver, computer/ calculator display driver, cockpit display driver, and 
various clock, watch, and timer uses. 

• Low Logic-Circuit Power Dissipation 

• High Current-Sourcing Outputs With Internal Limiting Resistors 

• Latch Storage of Code 

• Supply Voltage Range = 4.5 V to 18 V 
CMOS Input Switching Levels 



BLOCK DIAGRAM 
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CMOS MSI 



(LOW-POWER COMPLEMENTARY MOS) 



HEXADECIMAL-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 

MC14XXX Suffix Denotes 



L1 Ceramic Package 
PI Plastic Package 




8 



ALPHANUMERIC DISPLAY 

/c'f/vSS ISSfibCdS jF 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



TRUTH TABLE 


INPUTS 


OUTPUTS 


C C B 


a b c d e f g h+i 


VCR 


DISPLAY 


O 
1 
10 
11 


1111110 
1 1 
110 110 10 
11110 10 


Open 
Open 
Open 
Open 



1 

7 
3 


10 
10 1 
110 
111 


110 110 
10 110 110 
10 111110 

1 1 1 


Open 
Open 
Open 
Open 


4 

5 
6 

7 


10 
10 1 
10 10 
10 11 


11111110 
11110 110 
1110 1111 
111111 


Open 
Open 
Open 
Open 


S 
9 
A 
b 


110 
110 1 
1110 

1111 


10 1110 1 
11110 11 
10 11111 
10 1 1 1 1 


Open 
Open 
Open 



C 
d 
E 

F 
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MAXIMU M RATINGS 



(Voltages referenced to Vss 1 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to+ 18 


V 


Input Voltage, All Inputs 


Vin 


-0.5 to Vqq + 5 


V 


DC Current Drain per Input Pin 


I 


10 


mA 


Operating Temperature Range 


T A 


-40 to + 85 


°C 


Storage Temperature Range 


T stg 


-oo to + I 0U 


°C 


Maximum Continuous Output Power 
(Sourcel per Output <6> 25°C 
Pins 1, 2, 3, 12. 13, 14. 15 
Pin 4 


p OHmax* 


50 
100 


mW 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high in- 
pedance circuit. For proper operation it is 
recommended that Vj n and V out be con- 
strained to the range V$S (V in or v out* 



« V DD 



* p OHmax = 'OH <VdD"V0H> 
ELECTRICAL CHARACTERISTICS 







VDD 


T|ow 


25 °C 


Thigh" 




Characteristic 


Symbol 


V 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Output Voltage - Segments 


vol 




- 


0.1 


- 





0.05 




0.05 


V 










0.1 


- 





0.05 


- 


0.05 



















005 




0.05 






VOH 


5 


4.1 




4.1 


465 




4 1 




V 


Vin = Vss ° r VqD 




10 


9.1 




9.1 


96 




9.1 


_ 








15 


_I4J 






_t4_5 1 




14 1 






inpui voltage 


v.. 
V IL 




















(V = 3.8 or 0.5 VI 




5 




1 5 




2 25 


1 5 




1 5 




IV = 8.8 or 1.0 VI 




10 




3.0 




4.50 


3.0 




3.0 




(Vo=13.8 or 15 V) 




15 


- 


4.0 




6.00 


4.0 


_ 


4.0 




IV = 0.5 or 3.8VI 


V|H 


5 
















V 


(Vq= 1-0 or 8.8 VI 




10 


7.0 




7.0 


5.50 




7.0 






IVq= 15 or 13.8 V) 




15 


















Output Drive Voltage - Segments, 


VOH 


















V 


h + i - L device 




5 


















IIqH = mAI 






40 


- 


4.0 


4.8 


- 


4.0 


- 




"OH ~ - 1 m A) 






2 45 


- 


2.4 


3.0 


— 


205 


— 




"OH 1U mA ' 






13 




0.8 


1.8 




— 


— 




('OH = mA) 




10 


9.0 


- 


9.0 


9.8 


- 


90 


- 


V 


dOH= 5 mA) 






7.4 


- 


7.2 


8.1 


- 


6.9 


- 




"OH = 10 mA) 






6.4 


- 


5.8 


6.8 


- 


5.0 


— 




(Iqh = 15 mA) 






53 


- 


44 


5.4 


- 


3.05 


- 




UOH= mA) 




15 


14 


- 


14 


14.8 


- 


14.0 


- 


V 


IIOH= 5 mA) 






12.2 




12.0 


13.1 




11.7 






"OH = 10 mA) 






10.9 




10 4 


11.8 




96 






(l OH = 15 mA) 






9.7 




8.8 


10.5 




7.45 






(l OH = 20 mA) 






85 




7.2 


9.0 




5.25 






(Iqh = 25 mA) 










5.6 


7.4 




3.0 






Output Drive Voltage - Segments, 


VOH 


















V 


h + i - P device 






















(Iqh= mA) 




5 


4.0 




4.0 


4.8 




4.0 






1IqH= 5 mA) 






2.45 




2.4 


3.0 




2 05 






UOH = 10 mA) 






1.3 




0.8 


1.6 










(Iqh= mA) 




10 


9.0 




9.0 


9.8 




9.0 




V 


(Iqh- 5 mA > 






7.4 




7 2 


8.0 




6.9 






(Iqh= 10 mA) 






6.4 




5.8 


6.6 




5.0 






(l OH = 15 mA) 






5.3 




4.4 


5.2 




3.05 






<Iqh,= o mA) 




15 


14 




14.0 


14.8 




14.0 




V 


(Iqh = 5 mA) 






12.2 




12.0 


13.0 




11.7 






(IOH= 10 mA) 






10.9 




10.4 


11.6 




9.6 






(l OH= 15 mA) 






9 7 




88 


10.2 




7.45 






IIOH = 20 mA) 






8.5 




7.2 


8.6 




5.25 






l'OH = 2 5 mA) 






7.4 




5.6 


6.8 




3.0 
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ELECTRICAL CHARACTERISTICS [Continued) 







vdd 


-40°C 


25-C 


85 °C 




Characteristic 


Symbol 


V 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Output Sink Current-VCR output- 
L device 

1 V [J]_ — U.H V ( 

ivql = 0.5 v > 
(Vol ''.s vi 


iol 


5 
10 
15 




- 


0.3 
5 


1.00 
1 25 


- 




- 


mA 


Output Sink Current-VCR output- 
P device 
(Vql = 0.4 V) 

l VQ[_ — U.O V ( 


hi 


5 
10 
15 






0.3 
0.5 


1.00 
1.25 








mA 


Input Current (L Device) 


l,n 


15 




±0.1 




±0.00001 


±0.1 




± 10 


V-A 


Input Current (P Device) 




15 




±0 3 




±0.00001 


±0.3 




+ 1.0 




l,n 








pA 


Input Capacitance 
<V m = 0> 


Cm 










5.0 


7.5 






pF 


Quiescent Current (L Device) 
(Per Package) 


!dD 


5 

10 
15 




0.3 
1.5 
3.0 




0.08 
0.40 
0.85 


0.25 
1.26 
2.50 




0.2 
1.0 
2.0 


mA 


Quiescent Current (P Device) 
(Per Package) 


IpD 


5 
10 
15 




0.3 
1.5 
3.0 




008 
40 
0.85 


0.25 
1.25 
2.50 




2 
1.0 
20 


mA 


Total Supply Current" *T 
(Dynamic plus Quiescent, 
Per Package) 

(Cl = 50 pF on all outputs, all 
buffers switching) 


IT 


5 
10 
15 


l T =(1.9M/kHz)f+l DD 
l T = (3 8 /<A/kHzH -t- l DD 
l T =l5.7„A/kHzlf+l D o 


M 



tTo calculate total supply current at loads other than 50 pF: \j\C\_\ = lx(50 pF) + 3.5* 10~^ICl-50) V^pf 
where: \j is in Iper package), C\_ in pF, VrjQ in Vdc, and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS (C L = 50pF, t a = 25°C) 







V DD 










Characteristic 


Symbol 


V 


Min 


Typ 


Max 


Unit 


Output Rise Time, Segment Outputs (Figure 1) 


tTLH 










ns 






5 


L 


210 


450 








10 




145 


300 








15 


_ 


90 


200 




Output Fall Time, Segment Outputs (Figure 1) 


tjHL 
















5 




1 5 


3.5 


(IS 






10 




1.3 


2.75 








15 


- 


1 1 


2.25 




Output Fall Time, VCR Output 


l THL 












[Figures 3 and 41 




5 


- 


105 


250 








10 


- 


40 


100 








15 




30 


75 








- 




Propagation Delay Time. A, B, C. D to Segment 


»PLH 










ns 


Outputs 1 Figure 2) 




5 


- 


935 


2400 








10 


- 


340 


900 








15 


- 


230 


500 






'PHL 


5 


- 


7.0 


18 


MS 






10 


- 


3.5 


9.0 








15 


- 


2.0 


5.0 




Propagation Delav Time, A, B, C, D to VCR 


'PLZ 










us 


Output (Figures 3 and 41 




5 




11.0 


250 
















10 


_ 


80 


20 








15 


_ 


4.0 


10 






tP7l 


5 




800 


1500 


ns 






10 




400 


1000 








15 


- 


200 


500 




Propagation Delay Time, LE to Segment 


tp|_j_| 










ns 


Outputs (Figure 5) 




5 




1300 


3000 








10 


_ 


500 


1500 








15 


- 


350 


1000 






tphIL 


5 




16.0 


30.0 


Its 






10 


_ 


6.0 


15.0 








15 


- 


5.0 


10.0 




Propagation Delay Time, LE to VCR Output 


'PLZ 










us 


(Figures 4 and 6) 




5 


_ 


14.0 


30 








10 


- 


8.0 


20 








15 


- 


6.0 


15 






tPZL 


5 




10 


25 


Its 






10 




50 


15 








15 




40 


10 




Setup Time. A, B. C. D to LE (Figure 71 


'su 


5 


100 


35 




ns 






10 


65 


25 










15 


65 


25 






Hold Time, LE to A, B, C, D (Figure 7) 


<h 


5 


125 


45 




ns 






10 


75 


30 










15 


75 


25 






Latch Enable Pulse Width. LE IFigure 71 


'WL 


5 


525 


210 




ns 






[10 j 


200 


80 










15 


140 


55 







MC1 4495-1 



INPUT/OUTPUT FUNCTIONS 



SEGMENT DRIVER (a, b, c, d, e, f, g, h + i; PINS 12. 13, 14, 
15. 1, 2, 3, 4) 

The segment drivers are emitter-follower NPN-transistors. 
To limit the output current, a resistor typically 290 ohms is in- 
tegrated internally at each output. Therefore, external 
resistors are not necessary when driving an LED at the sup- 
ply voltage of Vdq = 5.0 volts. 

OUTPUT (VCR; PIN 11) 

This output is activated (goes lowl whenever inputs A, 
B, C, and D are all set to a logic one. Otherwise the output is 
open. See the truth table. 



INPUT DATA (A, B, C, D; PINS 5, 6, 9, 101 

The block diagram is shown on page 1. The inputs A, B, 
C, and D are fed to a 4-bit latch which is controlled by the 
Latch Enable input. 

LATCH ENABLE (LE; PIN 7) 

The data on inputs A, B, C and D will pass through the 
latch and will be decoded immediately when LE is low. In this 
mode of operation the circuit is performing the function of a 
conventional decoder/driver. The data may be loaded into 
the latch when LE = low and will be latched with the rising 
edge of LE. The data will remain stored as long as LE is high. 



SWITCHING WAVEFORMS 



Figure 1 



Figure 2 



Segment 
Outputs 



•90% 
'10% 



A.B.C.D 



10%. 




90% 
'50% 



Figure 3 



'■PLHU_ -►I'PHL 
'PHL 



A.B.C.D 



"V! / 



VCR Output 



Figure 4 

VDD 



20 k 



Output 
Under 
Test 



iSOpF 



Segment 
Outputs 



PLH 



A.B.C.D 



/ 



. 'PLH 
PHL 



Segment 
Outputs 



— 'PHLl 
I PLH 



50% 



50% 



Jr 
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SWITCHING WAVEFORMS 




® 



PCM REMOTE CONTROL TRANSMITTER 

The MC 14497 is a PCM remote control transmitter realised in 
CMOS technology. Using a dual-single (AM/FSK) frequency biphase 
modulation the transmitter is designed to work with various 
receivers. 

• Both AM/FSK modulation selectable 

• 62 channels - up to 62 keys 

. 500kHz reference oscillator controlled by inexpensive ceramic 



resonator 

• Very low duty cycle 

• Very low standby current 

• Infrared transmission 

• Selectable Start-Bit polarity (AM only) 

• Shifted key mode available 



MCI 4497 



CMOS 



PCM REMOTE CONTROL 
TRANSMITTER 




PSUFFIX 

PLASTIC PACKAGE 
CASE 707 



FIGURE 1 - BLOCK DIAGRAM & PIN ASSIGNMENT 
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MAXIMUM RATINGS (T A = 25 °C) 



PIN ASSIGNMENT 





Symbol 


Value 


Unit 






-0.5 to +1 5 




DC Supply Voltage 


v DD 


Vdc 


Input Voltage, All Inputs 




-0.5 to V DD +0 5 


Vdc 


DC Current Drain per Pin 


i 


10 


mA 


Operating Temperature Range 


T A 


to < 70 


°C 


Storage Temperature Range 


T stg 


- 65 to * 1 50 


°C 











E3 


vdd 


ZZI 18 


E2 


El 


Z=l 17 


E9 


E4 


ZZ1 16 


A4 


E5 


m 15 


A3 


E6 


1 14 


A2 


Ok 


ZZ) 13 


A1 


Osc 


r=n2 


V1 


E8 


=i n 


vss 


E7 


=1 10 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that Vj n and V out be con- 
strained to the range Vgs < (Vj n or V out ) < Vdd- 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgs or Vdd). 



ELECTRICAL CH, 



ARACTERISTICS 



IT* 



to 70°) 



Characteristics 


Symbol 


Pin 


vdd 

v dc 


Min 


Max 


Units 


Supply Voltage 


V DD 


18 




4.0 


10.0 


Vdc 
















Supply Current 
Idle 

• J 

Operation 


'dd 


18 


10 
10 




50 
5 


,A 
mA 


Output Current - Signal 
V O h = 3.0V Source 
V OL =0.5V Sink 


'OH 
'OL 


8 


4 
4 


-900 
120 




(lA 


Output Current - Scanner 
Vqh = 3.0V Source 
V |_=0.5V Sink 


'OH 

'OL 


4,5, 
6,7 


4 
4 


-30 
245 




HA 


Output Current - Oscillator 
V 0H = 3.0V Source 
V 0L =0.5V Sink 


'OH 
'OL 


13 


4 
4 


-300 
245 




M.A 


Input Current - Oscillator 
Operation 
Idle. V| L = 0.5V 


'in 


12 


10 
4 


±2 
30 


±80 


HA 


Input Current - Decoder 
V |H = 9V 
V |L =0.5V 


'in 


I, 2,3,10 

I I, 14,15 


10 


-15 




HA 




16,17 


4 




-60 




Input Voltage - Decoder 


V|H 
V|L 
V| H 
V|L 


I, 2,3.10 

II, 14,15 
16,17 


10 


9 


1.2 
1.0 


Vdc 




10 
4 
4 


3 





2-100 



MC14497 



CIRCUIT OPERATION 



The transmitter emits a 6-bit, labelled AILSBI to F(MSB), 
binary code giving a total of 64 possible combinations or 
code words. All of these are user selectable, except the 
last two - where channel 63 is not sent while channel 62 
is automatically sent by the transmitter at the end of each 
transmissions as an "End of Transmission" code. 

In either mode, AM or FSK, the transmitted signal is in the 
form of a biphase pulse code modulation (PCMI signal. 
The AM coding is shown in figure 1 . 

FIGURE 2 -AM CODING 



the same time, which causes bit-F to go high, that is to 
logical "I". By interconnecting only certain address inputs 
it is possible to make an intermediate keyboard with be- 
tween 32 and 64 keys. 

The other two switches in figure 1 , FK 1 and FK2. change 
the modulation mode, a closure changes the modulation 
from FSK to AM, and the start-bit polarity, a closure 
changes the start-bit to a logical "0", respectively. 

The full range of options available is illustrated in the table 
below: 



;1r 





Start-bit 


Modulation 


bit-F 


Channels 


E9 - open 


1 


FSK 





- 31 


E9 - A1 (FK1) 


1 


AM 





- 31 


E9 - A2 IFK2) 





FSK 





- 31 • 


E9 ■ A3 (FK3) 


1 


FSK 


1 


32 - 61 


E9 - A1 I A2 





AM 





- 31 


E9 - A1 I A3 


1 


AM 


1 


32 - 61 


E9 - A2 - A3 





FSK 


1 


32-61* 


E9 - Al A2 - A3 





AM 


1 


32 - 61 



Where fi is a train of pulses at the modulating frequency 
of 31 .25 kHz for a reference frequency of 500 kHz. 

In the FSK mode two modulating frequencies are used as 
shown in figure 3. 



FIGURE 3 - FSK CODING 
bit-n 



Where f, is 50 kHz and f 2 is 41 .66 kHz for a reference 
frequency of 500 kHz. 

The keyboard can be a simple switch matric using no ex- 
ternal diodes, connected between the four scanner out- 
puts, A1 to A4, and the eight row inputs, E1 to E8. Under 
these conditions only the first 32 code words are 
available, bit-F is always at logical "0". However, a sim- 
ple two-pole, changeover switch, in the manner of a type- 
writer "shift" key (switch FK3 in figure 1 ) can be used to 
change the polarity of bit-F to give access to the next full 
set of 32 instructions. 

An alternative method of accessing more than 32 instruc- 
tions is by the use of external diodes between the address 
inputs, see figure 4. These have the effect of producing 
"phantom" address inputs by pulling two inputs low at 



One of the transmitter's maior features is its low power 
consumption - in the order of 1 0|iA in the idle state. For 
this reason the battery is perpetually in circuit. It has in 
fact been found that a light discharge current is beneficial 
to battery life. 

In its active state the transmitter efficiency is increased by 
the use of a low duty cycle, less than 2.5% for the 
modulating pulse trains. 

While no key is pressed the circuit is in its idle state, the 
reference oscillator is stopped and the eight address input 
lines are held high through internal pull-up resistors. 

As soon as a key is pressed this takes the appropriate 
address line low, signalling to the circuit that a key has 
been selected- The oscillator is now enabled. If the key is 
released before the code word has been sent the circuit 
returns to its idle state. To account for accidental activa- 
tion of the transmitter the circuit has a built-in reaction 
time of some 20ms, which also overcomes contact 
bounce. After this delay the code word will be sent and 
repeated at 90ms intervals for as long as the key is 
pressed. As soon as the key is released the circuit 
automatically sends channel 62, the "End of Transmis- 
sion" (EOT) code. The transmitter then returns to its idle 
state. 

The differences between the two modulation modes are 
illustrated in figure 5. However it should be noted that: 

In the AM mode each transmitted word is preceded by a 
burst of pulses lasting 51 2\is This is used to set up the 
AGC loop in the receiver's preamp. In the FSK mode the 
first frequency of the first bit is extended by 1 5ms and 
the AGC burst is suppressed. In either mode it is assumed 
that the normal start-bit is present. 
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INPUT/OUTPUT FUNCTIONS 



Row Inputs El to E8 (Pins 1 , 2, 1 0, 1 1 , 1 4, 1 6 & 1 7). 
Under idle conditions these inputs are held high, by 
internal pull-up resistors. As soon as a key is pressed a 
logical "0" on that particular line signals to the circuit 
that a key has been selected. After a delay of 20ms the 
internal register is loaded with the code word for the key 
selected. 

Row Input E9 (Pin 3). This is a special programming 
input and when connected to the appropriate scanner 
output, via a diode, it will modify the transmitted output 
according to the table in the previous section. 

In that table the figures in brackets, FK1 etc. refer to the 
switches shown in figures 1 and 4. If only one option is 
required the diode may be omitted. The connections 
shown in the table may be made in any combination. 

Although E9 is a row input forcing this line low will not 
activate the circuit. 

Scanner Outputs A 1 to A4 (Pins 4, 5, 6 & 7). Under idle 
condition these outputs are held low, logical "0". When 
the circuit is activated, by a key being pressed, the 
oscillator will start and release the outputs. 

Oscillator (Pins 12 & 13). This is designed to operate 
with a 500kHz ceramic resonator or a tuned LC circuit. 

It is important that a ceramic resonator and not a filter 
is used here as the oscillator frequency can not be 
guaranteed if a ceramic filter is used. 

Signal Out (Pin 81. This output provides the modulating 
signal ready to drive the modulation amplifier. 



If required the transmitter can be used as a keyboard en- 
coder for direct use with a receiver. In this case the AM 
option is selected, the output inverted and fed directly to 
the receiver's signal input pin. 

FIGURE 4 - 64-KEY KEYBOARD 
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Note : Maximum key contact resistance — 1kil 



FIGURE 5 - TRANSMITTED WAVEFORMS AND TIMING 



INSTRUCTION 
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TYPICAL APPLICATION CIRCUIT 
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MC 14497 



Ji |CRM500| 
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TABLE 1 - 



TRANSMITTED 



CODES 



Channel 




Cod* word 




Kay board 


Channel 




Code word 




Keyboard 




F 


E D 


c 


B 


A 


In 


Out 




F 


E D C 


B 


A 


In 


Out 




















































E8 


A4 


32 


1 





E8a 


A4 


1 












1 


E1 


A4 


33 










1 


Eta 


A4 


2 









1 





E2 


A4 


34 





1 





E2a 


A4 


3 









1 


1 


E3 


A4 


35 







1 


1 


E3a 


A4 


4 






1 








E4 


A4 


36 




1 








E4a 


A4 


5 






1 





1 


E5 


A4 


37 




1 





1 


E5a 


A4 


6 






1 


1 





E6 


A4 


38 




1 


1 





E6a 


A4 


7 






1 


1 


1 


E7 


A4 


39 




1 


1 


1 


E7a 


A4 


8 


° 


1 











E8 


A1 


40 


1 


1 








E8a 


Al 


9 












1 


El 


Al 


41 










1 


E1a 


Al 


10 









1 





E2 


A1 


42 







1 





E2a 


Al 


1 1 









1 


1 


E3 


Al 


43 







1 


1 


E3a 


Al 


12 






1 








E4 


Al 


44 




1 








E4a 


Al 


13 






1 





1 


E5 


Al 


45 




1 





1 


E5a 


Al 


14 






1 


1 





E6 


A1 


46 




1 


1 





E6a 


Al 


IS 






1 


1 


1 


E7 


A1 


47 




1 


1 


1 


E7a 


A1 


16 





1 











E8 


A3 


48 


1 


1 








E8a 


A3 


17 












1 


E1 


A3 


49 










1 


Ela 


A3 


18 









1 





E2 


A3 


50 







1 





E2a 


A3 


19 









1 


1 


E3 


A3 


51 







1 


1 


E3a 


A3 


20 






1 








E4 


A3 


52 




1 








E4a 


A3 


21 






1 





1 


E5 


A3 


53 




1 





1 


E5a 


A3 


22 






1 


1 





E6 


A3 


54 




1 


1 





E6a 


A3 


23 






1 


1 


1 


E7 


A3 


55 




1 


1 


1 


E7a 


A3 


24 





1 1 











E8 


A2 


56 


1 


1 1 








E8a 


A2 


25 












1 


El 


A2 


57 










1 


E1a 


A2 


26 









1 





E2 


A2 


58 







1 





E2a 


A2 


27 









1 


1 


E3 


A2 


59 







1 


1 


E3a 


A2 


28 






1 








E4 


A2 


60 




1 








E4a 


A2 


29 






1 





1 


E5 


A2 


61 




v 





1 


E5a 


A2 


30 






1 


1 





E6 


A2 


62 (EOT) 




1 


1 





E6a 


A2 


31 





1 1 


1 


1 


1 


E7 


A2 


Not transmitted 


1 


1 1 1 


1 


1 


E7a 


A2 


















NOTE: Although the 'a' suffix applies to a 'phantom' 


input when 


















using a keyboard with up to 64 keys the coding for a shifted key, 
up to 32 keys, model, with FK3 closed, is identical. 
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7 -SEGMENT LED DISPLAY DECODER/DRIVER 



The MC 14499 is a 7-segment alphanumeric LED decoder/driver for 
use in conjunction with microprocessor (MPU) systems. It is able to 
drive directly 4 digit displays. 

• High current segment drivers on-chip 

• MPU compatible input levels 

• Very few external components required 

• Wide Supply Voltage Range 















CMOS 



7 -SEGMENT LED DISPLAY 
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PLASTIC PACKAGE 




CASE 707 








FIGURE 1 - BLOCK DIAGRAM AND PINOUT 
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MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Valua 


Unit 


DC Supply Voltage 


VDD 


-0.5 to* 7.0 


Vdc 


Input Voltage, afl Inputs 


V|N 


-0.5 to V D D* 0-5 


Vdc 


Operating Temperature Range 


T A 


to * 70 


°C 


Storage Temperature Range 


T S TG 


-65 to* 150 


°C 




This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. For proper operation it is recom- 
mended that Vj n and V out be constrained 
to the range Vss < < v in or V out ) < V DD . 

■ 



ELECTRICAL CHARACTERISTICS (V DD = 4.5 to 6.5 V) 



1 

Characteristic 


Pin 


Symb. 


no 






25° 





70* 


Unit 












Min. 


Typ. 


Max. 


Min. 


Max. 




Input Voltage '0' level 
"T level 

Input Current (V|n = to Vqd) 


5,12, 
13 


V|L 
V|H 
1 IN 


0.7xV DD 


0.3xV DD 
±0.1 


0.7xV DD 


0.45xVqd 
0.55xV DD 
±0.001 


0.3xV DD 
±0.1 


0.7xV DD 


0.3xV DD 
±1.0 


Vdc 
Vdc 
«A 


Oscillator Input Voltage '0' level 
"T level 

Oscillator Input Current VqsC =0 
v OSC =v DD 


6 


V|LO 
v IHO 
l|OL 
l|OH 


0.75xV DD 


0.25xV DD 

100 
-100 


0.75xV DD 
30 
-30 


0.3xV DD 
0.7xV DD 
50 
-50 


0.25xV DD 

80 
-80 


0.8xV DD 
10 
-10 


0.2xV DD 


Vdc 
Vdc 
mA 
»A 


Segment Driver Voltage below Vqq 
'OUT~50mA 

IOUT =10rnA 
Segment Driver OFF Leakage 

VOUT=0 


1-4, 
14.15, 
16,17 


Vdd- 

" v SOH 
!OFF 




1.1 
0.8 

100 




0.9 
0.7 

1 


1.0 
0.75 

50 




' 1.1 
0.8 

100 


Vdc 
Vdc 

mA 


Digit Drivers 

Source (On) V UT = 0.8 V 
Sink (Oft) V UT = 5V 


7.8. 
10.11 


'DOH 

Idol 


6 
-0.2 




5.5 
-0.2 


8 

-2 




4 

-0.1 




mA 
mA 


Quiescent Current 

Vin = 0. loUT = 0, C SC = 15 nF 


18 






1 




0.5 


1 




1 


mA 


Maximum Power Dissipation 








500 






500 




500 


mW 



SWITCHING CHARACTERISTICS (V DD = 5V ± 10 <Vo, T A = to 70 °C) 



Characteristic 


Fig. 


Symbol 


Min. 


Max. 


Unit 


Clock High time 


3 


<CH 


2 




MS 


Clock Low time 


J" dSje 


*CL 


2 




MS 


Clock Rise time 


3 


'CR 




2 


*» 


Clock Fall time 


3 


'CF 




2 


Mi 


Enable Lead time 


3 


tElead 


200 




ns 


Enable Lag time 


3 


'Elag 


200 




ns 


Data Set-up time 


3 


*DSup 


200 




ns 


Data Hold time 


3 


tDHold 


1 




MS 


Scanner Frequency* 


5 


1'<Scan 


50 


300 


Hz 


Osc/Digit Lead time 


5 


tOD 




10 


MS 


Osc/Segment Lead time 


5 


'OS 




10 


MS 


Digit Overlap 


5 


tov 




5 


MS 



PIN ASSIGNMENT 
W~ 



Data 
Osc 
IV 
III 



VDD 
e 
f 

g 

DP 
CL 
EN 
I 

II 



18 
17 
16 
15 
14 
13 
12 
11 
10 



Scanner Capacitance = 22nF. 
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CIRCUIT OPERATION 



The circuit accepts a 20-bit input, 16-bits for the four 
digit display plus 4-bits for the decimal point - these 
latter four-bits are optional. 

The input sequence is the decimal point code followed by 
the four digits, as shown in figure 2. 

In order to enter data the enable input, EN, must be low, 
=> 0. The sample and shift are accomplished on the falling 
clock edge, see figure 3. Data are loaded from the shift 
register to the latches when EN goes high, = 1. While the 
shift register is being loaded the previous data are stored 
in the latches. 

If the decimal point is used the system requires 20 clock 
pulses to load data, otherwise only 16 are required. 

CASCADING 

The circuit may be cascaded in the following manner. 

If a 1111 word is loaded into the decimal point latch, the 
output of the shift register is switched to the decimal 
point driver, see figure 4. Therefore, to cascade n four digit 
display drivers a set-up is used which wil firstly load 
the 1111 cascading word : 

1 EN = 



2 Load 20-bits, the first four bits being 1, with 20 
clock pulses. 

3 EN = 1, to load the latch 

4 Repeat steps 1 to 3 (n-1) times 

5 (nX20)-bits can be loaded into n circuits, with 1111 
as decimal point word to continue the cascading. 



SCANNER 

The scanner frequency is determined by an on-chip oscill- 
ator, which requires an external frequency determining 
capacitor. The capacitor voltage varies between two trigger 
levels at the oscillator frequency. 

An external oscillator signal can be used, within the 
recommended operating range of 200 to 800Hz — to 
avoid flicker and digit overlap. For test purposes this 
frequency can be increased up to 10kHz. 

A divide by four counter provides four non-over lapping 
scanner waveforms corresponding to the four digits — 
see figure 5. 



SEGMENT DECODER 



The code used in this matrix decoders is shown in 
figure 6. 



OUTPUT DRIVERS 



There are two different drivers : 

The segment and decimal point drivers; these are NPN 
emitter followers with no current limiting devices. 
The digit output buffers; These are short circuit 
protected CMOS devices. 

A typical application circuit is shown in figure 7. 



FIGURE 2 -INPUT SEQUENCE 
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16 
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13 
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11 


10 | 9 
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5 
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I =3 



00 CO 



03 03 
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00 03 
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CO '5i 

to 

2 



Q Q D Q 



Digit IV 



Digit III 



Digit II Digit I 



Decimal Point 
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FIGURE 3a - SERIAL INPUT, POSITIVE CLOCK 




/ 



cn r 



FIGURE 4 - CASCADING MC 14499s 
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FIGURE 5 - SCANNER WAVEFORMS 
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= 



— ^ — 







'OS 
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FIGURE 6 - SEGMENT CODE 
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FIGURE 7 -APPLICATION 



EXAMPLE 



CLOCK 



JS ID E I 



GND 



DIGIT 
OUTPUTS 



SEGMENT 
OUTPUTS 



Q1 - Q4: BC 338 or similar 
R1 - R8: 36-82S2 

ittMtlM 22 nF 

VDD Typ: 5-6 V 
Is max.: 40-50 mA 



l D max.: 8lg r 
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INDUSTRIAL CONTROL UNIT 

The MC14500B Industrial Control Unit (ICU) is a single bit 
CMOS processor. The ICU is designed for use in systems requiring 
decisions based on successive single bit information. An external 
ROM stores the control program. With a program counter (and 
output latches and input multiplexers, if required) the ICU in a 
system forms a stored program controller that replaces combinatorial 
logic. Applications include relay logic processing, serial data mani- 
pulation and control. The ICU also may control an MPU or be 
controlled by an MPU. 

• 16 Instructions 

• DC to 1 .0 MHz Operation at Vqd = 5 V 

• On Chip Clock (Oscillator) 

• Executes One Instruction per Clock Cycle 

• 3 V to 18 V Operation 

• Noise Immunity Typically 45% of Vqd 

• Quiescent Current 5.0 pAdc Typical at Vqo = 5 V 

• Capable of Driving One Low-Power Schottky Load or Two Low- 
Power TTL Loads over Full Temperature Range 

• For additional information, see application note AN-889 and 
handbook HB-209 




Detailed operation and app 


lications are 


jiven in the "MC14500B 


Industrial Control Unit" har* 







CMOS LSI 

I LOW-POWER COMPLEMENTARY MOS) 

INDUSTRIAL CONTROL UNIT 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 

MC14X*XB Suffix Denote! 



h 



C«r»mic Package 
Plattic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 
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MAXIMUM RATINGS {Voltages referenced to v ss ) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


-0.5 to +18 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.6 to V DD + 0.5 


Vdc 


DC Current Drain per Pin 


I 


10 


mAdc 


Operating Temperature Range - AL Device 


T A 


-55 to +125 


°C 


CL/CP Device 




-40 to +85 




Storage Temperature Range 


T stg 


-65 to +150 


°c 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj n and 
V out be constrained to the range Vss 
(Vi n or Vout 1 * V DD- 



ELECTRIC 



Characteristic 



Symbol 



VDD 
Vdc 



Max 



Typ 



Max 



Thigh* 



Output Voltage 
Vin-V DD or0 



"0" Level 



vol 



5.0 
10 
15 



0.05 
0.05 
0.05 



0.05 
0.05 
0.05 



Vin " °' V DD 



"1 " Level 



VOH 



5.0 
10 
15 



4.95 
9.95 
14.95 



4.95 
9.95 
14.95 



5.0 
10 
15 



4.95 
9.95 
14.95 



Input Voltage # 

RST, D, X2 

(V - 4.5 or 0.5 Vdcl 
(V - 9.0 or 1.0 Vdc) 
(V = 13.5 or 1.5 Vdcl 

(Vo - 0.5 or 4.5 Vdc) 
(V - 1 .0 or 9.0 Vdc) 
(V - 1.5 or 13.5 Vdcl 



"0 Level" 



"1" Level 



V|L 



5.0 
10 
15 



1.5 
3.0 
4.0 



2.25 
4.50 
6.75 



1.5 
3.0 
4.0 



V|H 



5.0 
10 
15 



3.5 
7.0 
11.0 



3.5 
7.0 
11.0 



2.75 
5.50 
8.25 



3.5 
7.0 
11.0 



Input Voltage # 

10.11.12. 13 

(V - 4.5 or 0.5 Vdc) 
<V = 9.0 or 1 .0 Vdc) 
(Vq-13.5 or 1.5 Vdc) 

(V - 0.5 or 4.5 Vdc) 
(V = 1.0 or 9.0 Vdc) 
(Vq-1.5 or 13.5 Vdc) 



VlL 



6.0 
10 
15 



0.8 
1.6 
2.4 



1.1 
2.2 
3.4 



0.8 
!.6 
2.4 



V|H 



5.0 
10 
15 



2.0 
6.0 
10 



2.0 
6.0 
10 



1.9 
3.1 
4.3 



2.0 
6.0 
10 



Output Drive Current 

Data, Write (AL/CL/CP Device) 

IV0H-*-6Vdc) 

(V H " 9-5 Vdc) 

(Vqh-13.5 Vdc) 

(v l " °- 4 Vdc i 

(V OL • 0.5 Vdc) 
1.5 Vdc) 



lOH 



5.0 
10 
15 



1.2 
3.6 
7.2 



-1.0 
-3.0 
-6.0 



-2.0 
-6.0 
-12 



-0.7 
-2.1 
-4.2 



lOL 



5.0 
10 
15 



1.9 
3.6 
7.2 



1.6 
3.0 
6.0 



3.2 
6.0 
12 



1.1 
2.1 
4.2 



Output Drive Current 
Other Outputs (AL Device) 

(V H " is Vdcl 
(V H " 4-6 Vdc) 
(V H s 9-5 Vdc) 
(V H " 13.5 Vdc) 
(V L ' 0.4 Vdc) 

(v L - °-5 vdc) 
(Vol - 1.5 vdc) 



Source 



'OH 



5.0 
5.0 
10 
15 



-3.0 
-0.64 
-1.6 
-4.2 



-2.4 
-0.51 
-1.3 
-3.4 



-4.2 
-0.88 
-2.25 
8.8 



-1.7 
-0.36 
-0.9 
-2.4 



'OL 



5.0 
10 
15 



0.64 

1.6 
4.2 



0.51 
1.3 
3.4 



0.88 
2.25 
8.8 



0.36 
0.9 
2.4 



Output Drive Current 
Other Outputs (CL/CP Device) 
(Vqh - 2.6 Vdc) 
(V H " «-6 Vdc) 
<V0H " 9-5 Vdc) 
(V H -'3.6 Vdc) 
(V 0L " 0.4 Vdc) 

(v OL -o.5 vdc) 



Source 



I OH 
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ELECTRICAL CHARACTERISTICS (continued) 







V 0D 


T| 




25°C 


Thigh* 




Characteristic 


Symbol 


Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Input Current, RST (AL/CL/CP Device) 


lln 


15 


25 


- 




150 




_ 


250 


uAdc 


Input Current (AL Device) 


"in 


15 


- 


iO.I 




i 0.00001 


±0.1 


I 


! 1.0 


uAdc 


Input Current (CL/CP Device) 


"in 


15 




•0.3 




! 0.00001 


±0.3 




4 1.0 


uAdc 


Input Capacitance (Data) 


C in 










15 








pF 
















Input Capacitance (All Other Inputs) 


Cin 










5.0 


7.5 






pF 
























Quiescent Current (AL Device) 


"DD 


5.0 




5.0 




0.005 


5.0 




150 


MAdc 


(Per Package) 




10 




10 




0.010 


10 




300 






















15 




20 




0.015 


20 




600 




Quiescent Current (CL/CP Device) 


"do 


5.0 




20 




0.005 


20 




150 


juAdc 


(Per Package) 




10 




40 




0.010 


40 




300 








15 




80 




0.015 


80 




600 




"Total Supply Current at an External 


It 








l T - (1.5 nA/kHz) f + | DD 






juAdc 


Load Capacitance (C[_) on 










l T = (3.0 dA/kHz) f + l DD 








All Output! 










l T -(4.5iiA/kHzlf-M DD 









55°C for AL Device. -40°C for CL/CP Device, 
high - +125°C for AL Device, + 85°C for CL/CP Device. 

formulas given are for the typical characteristics only at 25°C. 
# Noise immunity specified for worst-case input combination. 



SWITCHING CHARACTERISTICS <t a - 25°c, t, - t f - 20 

C L - 130 pF + ITTL load for Data and Write.) 



n« for X and I inputs; C L - 50 pF for JMP. X 1 , RR, Flag O. Flag F ; 







V DD 


All Types 




Characteristic 


Symbol 


Vdc 


Min 


Typ 




Unit 


Propagation Delay Time X1 to RR 


IPLH, 


5.0 




250 


500 






'PHL 


10 
15 




125 
100 


250 
200 




X1 to Flag F, Flag 0, RTN, JMP 




5.0 




200 


400 


ns 






10 




100 


200 








15 




85 


170 




XI to Write 




5.0 




225 


450 


ns 






10 




125 


250 








15 




100 


200 




XI to Data 




6.0 




250 


600 


ns 






10 
15 




120 
100 


240 
200 












RST to RR 




5.0 




250 


500 


ns 






10 




125 


250 








15 




100 


200 




RST to X1 




6.0 




450 


Notel 


nt 






10 




200 










15 




150 






RST to Flag F, Flag 0, RTN, JMP 




5.0 
10 




400 


800 


nt 








200 


400 








15 




150 


300 




RST to Write, Data 




5.0 




450 


900 


ns 






10 




225 


450 








15 




175 


350 




Clock Pulse Width, XI 


WVIcO 


5.0 


400 


200 




ns 






10 


200 


100 










15 


180 


90 






Reset Pulse Width, RST 


'W(R) 


6.0 


500 


250 




ns 




10 
15 


250 
200 


125 
100 






Setup Time - Instruction 


'sulll 


5.0 
10 


400 

260 


200 
125 




ns 






15 


180 


90 






Data 


•sulD) 


5.0 
10 


200 
100 


100 
50 




nt 






15 


80 


40 






Hold Time - Instruction 


'h(l) 


5.0 


100 







ns 




10 
15 


60 
50 










Date 


'h(D) 


5.0 
10 
15 


200 
100 
100 


100 
50 
50 




nt 



NOTE 1. Maximum Reset Delay may extend to one-helf clock period. 
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FIGURE 1 — TYPICAL CLOCK FREQUENCY 
versus RESISTOR (R c ) 




Pin No. 


Function 


Symbols 


1 


Chip Reset 


RST 


2 


Writs Pulse 


Write 




Data In/Out 


Data 


4 


MSB Instruction Word 


13 


5 


Bit 2 Instruction Word 


'2 


6 


Bit 1 Instruction Word 


h 


7 


LSB Instruction Word 




8 
9 


Negative Supply (Ground) 
Flag on NOP F 


vss 

Flag F 


10 


Flag on NOP 


FlagO 


11 


Subroutine Return Flag 


RTN 


12 


Jump Instruction Flag 


JMP 


13 


Oscillator Input 


X2 


14 


Oscillator Output 


XI 


15 
16 


Result Register 
Positive Supply 


RR 



TABLE 1 . MC14500B INSTRUCTION SET 













Instruction Cods 


Mnemonic 


Action 







0000 


NOPO 


No change in registers. RR — RR, Flag O — _TL 




1 


0001 


LD 


Load result register. Data — RR 




2 


0010 


LDC 


Load complement. Data — RR 




3 


0011 


AND 


Logical AND. RR Data — RR 




4 


0100 


ANDC 


Logical AND complement. RR ■ Data — RR 




5 


0101 


OR 


Logical OR. RR + Data — RR 




6 


0110 


ORC 


Logical OR complement. RR + Data — RR 






0111 


XNOR 


Exclusive NOR. II RR - Data, RR -* 1 




8 


1000 


STO 


Store. RR - Data Pin, Write - JT_ 




9 


1001 


STOC 


Store complement. RR - Data Pin, Write -_TL 




A 


1010 


IEN 


Input enable. Data - IEN Register 




B 


1011 


OEN 


Output enable. Data - OEN Register 




C 


1100 




Jump. JMP Flag — J~L 




D 


1101 


RTN 


Return. RTN Flag - _TL and skip next instruction 




E 


1110 


SKZ 


Skip next instruction if RR = 




F 


1111 


NOPF 


No change in registers. RR — RR, Flag F - J"L 



FIGURE 2 - OUTLINE OF A TYPICAL ORGANIZATION FOR A MC1450OB BASED SYSTEM 




^1 




MC14599B 
8 Bit Addressable Latch 
with Bidirectional Data 



'0.'1.'2. '3 



MC14512 
8 Channel 
Data Selector 



V 



Additional 
Input Devices 



J. 
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TIMING WAVEFORMS 



Instruction! NOPO. NOPF 

RR, IEN. OEN remain unaffected 



'J 



IEN 

Register 



4 Bit — 
Inttruction 



FLAG 



'W(R) H'PHL 



(RESET TOXI) 







__| L^tpHL (RESET TO RRI 

) ( ) ( ) 



'PLH 

(DATA TO F LAG) 



3 



NOPF NOPO 

\ / V 



h- 'PHL —j 



Instructions SKZ, JMP, RTN 

RR. IEN, OEN remain unaffected 
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TIMING WAVEFORMS 
Instructions STO, STOC, OEN 



J L 



4-Bit 

^ZD 

STOC 



OEN 
(intarnal) 



'PHL _^ 
(XI to Writ.) 



i — r~ — r~ — i ~ l 



3 — CD — CD — CD 







STO NOP OEN STO 

STOC STOC 



•m— t PHL (XI to Data) 



' 

-t PLH Valid whan RST = L 



NOTE t. Valid output data. 





X, 



LD, LDC, AND, ANDC 
OR, ORC, XNOR, I EN 



i r 

LI 

4 Bl « v r 

Instruction y 



r 



Data 







D — CD — O — CD- 

NOP I IEN LO.arc. 

Villi-"-) [■» 

DCDL 











tp LH (XI to RRI 







Valid whan RST - L 
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64-BIT STATIC RANDOM ACCESS MEMORY 



The MCM14505 64-bit random access memory is fully decoded 
on the chip and organized as 64 one-bit words (64 X 1). Medium 
speed operation and micropower supply requirements make this 
device useful for scratch pad or buffer memory applications where 
power must be conserved or where battery operation is required. 

When used with a battery backup, the MCM 1 4505 can be utilized 
as an alterable read-only memory, allowing the battery to retain in- 
formation in the memory when the system is powered down, and 
allowing the battery to charge when power is applied. The micro- 
power requirementsof this memory allow quiescent battery operation 
for great lengths of time without significant discharging. 



Quiescent Current • 50 nA/package. typical (°> 5 Vdc 

Noise Immunity = 45% of Vqd typical 

Supply Voltage Range - 3.0 Vdc to 18 Vdc 

Single Read/Write Control Line 

Wired-OR Output Capability (3-State Output) for Memory 
Expansion 

Access Time - 180 ns typical at Vqd = 10 Vdc 
Write Cycle Time = 275 ns typical at Vqd = 10 Vdc 



Fully Buffered Low Capacitance Inputs 



• Capable of Driving Two Low-power TTL Loads. One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 




CMOS LSI 



(LOW-POWER COMPLEMENTARY MOSI 



xl) STATIC 
CCESS MEMORY 



| 



L SUFFIX 
CERAMIC PACKAGE 
CASE 632 



P SUFFIX 

PLASTIC PACKAGE 
: 646 



ORDERING INFORMATION 
MC14XXX -r-r Su,fi « D.now» 



h 



Ceramic Package 
Plastic Package 
Extended Operating 
Temperature Range 
Limited Operating 
Temperature Range 







MAXIMUM RATINGS (Voltages referenced to V ss ) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0 5 to +18 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.5 to Vqd * 5 


Vdc 


DC Current Drain per Pin 




10 




1 


mAdc 


Operating Temperature Range - AL Device 


T A 


-55 to +125 


°C 


CL/CP Device 




-40 to +85 




Storage Temperature Range 


T stg 


-65 to *150 


°C 



= 



This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that v j n and 
V ou t De conttrained to the range Vss * * v in ° r v out> * V DD- 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vss or V DD>- 













BLOCK DIAGRAM 




AO 1 
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64 Word 
Bv 
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Storage 
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<— O 10 Data Out 
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[ A5 12 O— 
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I 




Strobe 5 o— 
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B/W 9 O- 


Control 






V D0 • Pin 14 
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ELECTRICAL CHARACTERISTICS 



Characteristic 



Symbol 



Vdc 



Max 



Typ 



Max 



T hi»h* 



Max 



Output Voltage "0" Level 

V,„ V DD orO 

"1" Level 

V,n 0orV DD 



'OL 



5.0 
10 
15 



0.05 
0.05 
0.05 



0.05 

0.05 
0.05 



0.05 
0.05 
0.05 



5.0 
10 
15 



4.95 
9.95 
14.95 



4.95 
9.95 
14.95 



5.0 
10 
15 



4.95 
9.95 
14.95 



Noise Immunity 

I V out ... 0.8 Vdcl 
I V out <, 1.0 Vdc) 

("Vout * 15 vdc) 

( >V 0U1 0.8 Vdc) 
( V ou , * 1.0 Vdc) 
< 1.5 



5.0 
10 
15 



1.5 
3.0 
4.5 



1.5 
3.0 
4.5 



2.25 
4.50 
6.75 



1.4 

2.9 
4.4 



V N H 



i Vdc) 




5.0 
10 
15 



1.4 
2.9 
4.4 



1.5 
3.0 
4.5 



2.25 
4.50 
6.75 



1.5 
3.0 
4.5 



Output Drive Current 



(V 0H - 2.5 Vdc) 
(V OH " 4.6 Vdcl 
IVqh • 9.5 Vdc) 
(V H " '3.5 Vdcl 
(V 0L : 0.4 Vdcl 
(V L " 0.5 Vdc) 

(vql ■ 'p vdcl 



5.0 
5.0 
10 
15 



-1.2 
-0 25 
-0.62 
-1.8 



-1.0 
-0.2 
-0.5 
-1.5 



-1.7 
-0.36 
-0.9 
-3.5 



-0.7 
-0.14 
-0.35 
-1.1 



5.0 
10 
15 



0.3 
0.9 
2.2 



25 
0.75 
1.7 



0.35 
1.2 
4 5 



0.18 
0.50 
1.2 



Output Drive Current ICL/CP Device) 
(Vqh = 2.5 Vdc) Source 
(V OH - 4.6 Vdc) 
(Vqh - 9 5 Vdc) 
IV H " '3.5 Vdc) 
(V L = 0.4 Vdcl Sink 

(Vql = 5 vdc > 
(Vol - 15 Vd<: > 



5.0 
5 
10 
15 



-1.0 
-0.2 
-0.5 
-1.4 



-0.8 
-0 16 

-0.4 
-1.2 



-1.7 
-0.36 
-0.9 
-3,5 



-0.6 
-0.12 
-0.3 
-1.0 



5.0 
10 
15 



0.2 
0.6 
0.9 



0.15 
0.5 
0.75 



0.35 
1.2 
4.5 



0.1 
0.4 

0.6 



Input Current IAL Device) 



Input Current (CL/CP Device) 



Input Capacitance 
IVia-01 



Quiescent Current (AL Device) 
(Per Package) 



Quiescent Current (CL/CP Device) 
(Per Package) 



'DD 



5 
10 
15 



5.0 
10 
20 



0.050 
0.100 
0.150 



5.0 
10 
20 



150 
300 
600 



'DD 



5.0 
10 
15 



50 
100 
200 



0.050 
100 
0.150 



50 
100 
200 



375 
750 
1500 



Total Supply Current* ' t 
(Dynamic plus Quiescent. 

Per Package) 
(C L 50 pF on all outputs, all 

buffers switching) 



5.0 
10 
15 



l T -(1.28 v A/kHz) f + l 0D 
l T =12.56 uA/kHz) ft l DD 
It =(3.85 nA/kHzl f * I DD 



Three State Leakage Current 
(AL Device) 



Three-State Leakage Cui 
(CL/CP Dev,ce^_ 



1 Devi 







ITL 



— I L 



* T low = -55°C for AL Device, -40°C for CL/CP Device. 

Thigh ■ +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination 
tTo calculate total supply current at loads other than 50 pF : 
l T (C L ) - l T (50 pF) + 1 x 10-3 (C L -50I V DD f 

where: \ j is in j<A (per package), C L in pF, V o in Vdc, and f 
•The formulas given are for the typical characteristics only at ' ' 



PIN ASSIGNMENT 



kHz is input frequency 



4 CIZ A3 





AO V DD 
Al D„, 
A2 A5 



ST 
^ CE 1 



A4 

°out 
R W 
CE2 



14 
13 



I 10 
I 9 
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Characteristic 


Symbol 


V DD 


Min 


Typ 


Max 


Unit 


Output Rise Time 

tTLH * (2.43 ns/pF) C L + 58.5 ns 
tTLH " H-OB ns/pF) Cl + 36 ns 














TLH 


5.0 
10 


— 


180 
90 


360 
180 


ns 


tjLH " '°- 72 ns/pF) C|_ + 39 ns 




15 




75 


150 




Output Fall Time 

tjHL " ' 2 -' 6 ns/pF) C|_ + 52 ns 


tTHL 


5.0 


- 


160 


320 


ns 


*THL " (056 ns/pF) Cl + 32 ns 
tjHL " (C- 69 ns/pF) Cl + 33 ns 




10 
15 




80 
65 


160 
130 




Propagation Delay Time 


«acc(R) 










ns 


Read Access Time 

tacc(R) " (1-4 ns/pF) Cl + 385 ns 
'acc(R) " I' - 7 ns/pFI Cl + 175 ns 
<acc(R) " I"- 5 ns/pF) Cl + 105 ns 




5.0 
10 
16 


— 


465 
210 
130 


750 
400 
300 




Strobe Down Time 


<WL 


5.0 
10 


500 
125 


100 
50 




ns 






16 


95 


75 


- 




Address Setup Time 


<su 


5.0 
10 
15 


300 
120 
90 


-100 
-40 
-25 




ns 


Deta Setup Time 


tsu(D) 


5.0 
10 


200 
75 


70 
25 




ns 






16 


55 


20 


- 




Read Setup Time 


<su(R) 


5.0 
10 
15 


270 
60 
45 


90 
20 
15 


- 

— 




Write Setup Time 


tsu(W) 


5.0 
10 


400 
100 


80 
25 




ne 






15 


75 


11 


- 




Address Release Time 


«ral(R) 










ns 










5.0 
10 
16 


75 
25 
20 


15 
10 

5.0 


- 












- 




Data Hold Time 








t h(D) 


5.0 
10 
15 


50 
15 
10 







- 


ns 






- 




R«d Rale*. Tim. 


trel(R) 


5.0 
10 
15 





-90 




ns 










-26 
-10 


- 




Write Release Time 


trel(W) 


5.0 
10 
15 







5.0 
10 
30 




ns 










Read Cycle Time 




«cyc(R) 


5.0 
10 




500 
200 


750 
400 


ns 






16 




160 


300 




Write Cycle Time 


«cyc(W> 


5.0 
10 
16 




440 

275 
200 


700 
560 
415 


ns 


Output Disable Delay 

(10% Output Change into 1.0 kSl Load) 


<dis 


6X1 
10 
15 




200 
80 
80 


600 

200 
169 


ne 



• The formulae given are for the typical characteristics only. 
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FIGURE 1 - READ CYCLE TIMING DIAGRAM 



«su(A) - 



««u(n>- 

Raad/Writa B0%^ 



'777777Z7777777777, 

/ Addrai. C«n Changa 



V.I(AI 

^ — » t T 



'cvc(R)- 



-'acc(R)- 



Data Output - 



-«r.l<R> 



VEithar High or Low 



VlL 



«WHmln " «cyc<R) m»« 'WLmln 



Nota: Th. raad/writa input can ba maintainad at a logical "1" 
(high voltagal during a raad cycla. 



Oiaablad X 





-V OH 

-Vol 



IGURE 2 - WRITE CYCLE TIMING DIAGRAM 



W '/W.W //J ? ////, V IH 
///Addrai. Can Changa //W, 

/,;//;/ ///////// ..^ 




tWHmln - «cyc(W) ma* "<AL min 




fiZ7777777777777777\ 

^Eithar High or Lov»-*A 

J////s/ ///////// / 



- th(D) 



Note The read/write input can be maintained at a logic "0" 
(tow voltage) during a write cycle. If the read/write 
input is maintained at a logic "0" while the strobe is 
e logic "1". then the output date will bed 
impedance) during the write cycle. 



FIGURE 3 — MAXIMUM STROBE PULSE WIDTH 
varsus TEMPERATURE 



FIGURE 4 - TYPICAL READ ACCESS TIME 
varus LOAD CAPACITANCE 





C L , LOAD CAPACITANCE IpF) 
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FIGURES- 
CAP ABILITY 



TYPICAL OUTPUT SOURCE 
TEMPERATURE 



FIGURE 6 - TYPICAL OUTPUT SINK 
CAPABILITY versus TEMPERATURE 



t 




n_r 










— 300 ns 




Notes- 

1 . Cycle R/W to ground and then to V DD 
prior to measurement to insure turn 
on ot the device under test. 

2. For the P-chennet characteristics. 
V DS = V H ~ V DO 

3. For the N-channel characteristics, 
Vqs is measured directly . 



4. Fc 



■ <€,- 



100 



Amp 



Y S = V OL 





2-120 



MCM14505 



FIGURE 7 - FUNCTIONAL CIRCUIT DIAGRAM 
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OPERATING CHARACTERISTICS 



In considering the operation of the MCM14505 CMOS memory, 
refer to the functional circuit diagram of Figure 7 and timing 
diagrams shown in Figures 1 and 2 The basic memory cell is a 
cross-coupled flip-flop consisting of two inverter gates and two 
P -channel devices for read/write control. The push-pull cell provides 
high speed as well as low power. 

During a read cycle, when the strobe line is high the write 
selection drivers are disabled and the data from the selected row is 
available on columns 1b, 2b, 3b, and 4b. The A4 and A5 address 
bits are decoded to select output data from one of the four columns. 
The output data is available on the data output pin only when the 
strobe and read/write lines are high simultaneously and after the 
read access time, t acc (R), has occurred (see Figure 1). Note that 
the output is initially disabled and always goes to the logic "0" state 
(low voltage) before data is valid. The output is in the high- 
impedance state (disabled) when the strobe line or the R/W line is 
in the low state. The memory is strobed for reading or writing only 
when the strobe, CE1, and CE2 are high simultaneously. The R/W 
line can be a dc voltage during a read or write cycle and need not 
be pulsed, as shown in the timing diagrams. For this case the R/W 
line should be a logic "1" (high) for reading and a logic "0" for 
writing. 

When the strobe line is high, the column read/write inhibit 
gates and the row decoder inhibit gates are disabled, the selected 



row is in the low state, and the unselected 15 rows retain their 
logic "1 " level due to the row capacitance that exists when the row 
decoder inhibit gates are disabled. This capacitive storage mecha- 
nism requires a maximum strobe width (see Figure 3) equal to the 
junction reverse bias RC time constant. When the strobe is returned 
to a logic "0" the rows are forced to Vqq by the row decoder 
inhibit gates (pullup devices). Similarly the column read/write 
inhibit gates (pulldown devices) force the column lines to a logic 
"0" state. 

Two column lines are associated with each memory cell in order 
to write into the celt. The write selection drivers are enabled when 
the R/W line is a logic "0" and the strobe line is a logic "1". The 
input data is written into the column selected by the column 
decoder. For instance, if a "1" is to be written in the memory cell 
associated with row 1 and column 1, then row 1 would be enabled 
(logic "0") while column 1b is forced high and column 1a is forced 
low by the write selection drivers. If a logic "0" is to be written 
into the cell, then column 1a is forced high and 1b is forced low. 
The data that is retained in the memory cell is the data that was 
present on the data input pin at the moment the strobe goes low 
when R/W is low, or when R/W goes high when the strobe is high. 



APPLICATIONS INFORMATION 



Figure 8 shows a 256- word by n-bit static RAM memory system 
The outputs of four MCM14505 devices are tied together to form 
256 words by 1 bit. Additional bits are attained by paralleling the 
inputs in groups of four. Memories of larger words can be attained 
by decoding the most significant bits of the address and ANDing 
them with the strobe input. 

Fan-in and fan-out of the memory is limited only by speed 
requirements. The extremely low input and output leakage current 
(100 nA maximum) keep the output voltage levels from changing 
significantly as more outputs are tied together. With the output 
levels independent of fan-out, most of the power supply range is 
available as logic swing, regardless of the number of units wired 
together. As a result, high noise immunity is maintained under 
all conditions. 

Power dissipation is 0.1 «W per bit at a 1.0-kHz rate for a 
5.0-volt power supply, white the static power dissipation is 2.0 nW 
per bit. This low power allows non-volatile information storage 
when the memory is powered by a small standby battery. 

Figure 9 shows an optional standby power supply circuit for 
making a CMOS memory "non-volatile". When the usual power 
fails, a battery is used to sustain operation or maintain stored 
information. While normal power supply voltage is present, the 
battery is trickle-charged through a resistor which sets the charging 
rate. Vg is the sustaining voltage, and V + is the ordinary voltage 
from a power supply. Vqq connects to the power pin on the 
memory. Low-leakage diodes are recommended to conserve 
battery power. 

The memory system shown in F igure 8 can be interfaced 
directly with the other devices in the McMOS family. No external 
components are required. 

At the inputs to the CMOS memory, TT L devices can interface 
directly if an open -co I lector logic gate such as the MC7407 is used 
as shown in Figure 10. Driver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pF). The address, data, and 
read/write inputs do not need to be fast since they can be changed 
for the duration when the strobe pulse is low, tgjL ^ see Figures 1 
and 2) . For high-speed operation, a push-pull driver should be used 
if more than five strobe inputs must be driven at one time. One 
circuit of the type shown in Figure 10 can be used for every ten 
strobe inputs. 



Figures 11, 12. and 13 show methods of interfacing the 
memory output to TTL logic at various memory voltages. If a 
Vqq of 5.0 volts is used for slow-speed, low-power applications, 
one transistor and one resistor must be used (Figure 11). The 
MCM14505AL will drive one low-power TTL gate directly. 

If a Vqq of 10 volts is used, the output of the memory device 
can fan out to two low-power TTL gates (Figure 12a) or to a 
discrete transistor (Figure 12b). The discrete transistor circuit 
provides higher speed and/or high fan-out. A pulldown resistor 
at the base of the transistor is not needed for fast turn-off because 
of the push-pull output of the memory. Turn-on time of the 
transistor is much faster in Figure 1 2b since the voltage rise is only 
0.75 volt. The low output capacitance of the MCM 14505 means 
that several outputs can be wire-ORed without significantly de- 
grading performance. The read access time is increased by only 
20 ns typically for 16 outputs tied together when Figure 12b 
is used. 

Five low-power TTL gates can be driven from the memory 
output if a Vqq of 15 volts is used (Figure 13a). Figure 13b 
shows the interface if a discrete transistor is used. The 1.0 kilohm 
resistor in the base is required to insure that not more than 10 mA 
flows through the output as listed in the maximum ratings. If a 
2.0 kilohm collector resistor is used (fan-out = 3), the turn-on 
time of the transistor is only slightly faster than in the circuit 
shown in Figure 12b due to the lower output impedance when 
VrjQ = 15 volts. The voltage at the memory data output has to 
rise to only 1.3 volts to insure driving a fan-out of three TTL devices. 

If a 510-ohm collector resistor is used, 20 TTL loads may be 
driven. The read access time is increased about 20 ns when four 
memory outputs are tied together since the output voltage must 
rise to 3.7 volts before the transistor can sink the full Iql * or a 
fan-out of 20 TTL devices. Almost any NPN transistor with a 
minimum beta of 15 can be used for the interface shown in 
Figures 1 1, 12 and 13. 

The high source current from the push-pull output stage of the 
MCM 14505 makes for a simpler interface circuit since alow source 
current memory requires a differential comparator to achieve high- 
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FIGURE 8 - CMOS 256-WORD BY n-BIT STATIC 
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FIGURE 9 — STAND BY 
BATTERY CIRCUIT 



FIGURE 10 — TTL TO CMOS INTERFACE 



FIGURE 11 - CMOS-TO TTL INTERFACE 
FOR V DD -5.0V 
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Note: The MCM14505AL will driveone 
low power TTL gete directly 



FIGURE 12 -CMOS-TO-TTL INTERFACE 
FOR V DD = 10 V 



a. Using a Low lower TTL Gate 
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MOTOROLA 



BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 

The MC1451 1B BCD-to seven segment latch/decoder/driver is con- 
structed with complementary MOS (CMOS) enhancement mode de- 
vices and NPN bipolar output drivers in a single monolithic structure. 
The circuit provides the functions of a 4-bit storage latch, an 8421 
BCD-to seven segment decoder, and an output drive capability. Lamp 
test (LT), blanking (Bl), and latch enable (LE) inputs are used to test 
the display, to turn-off or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. It can be used with 
seven-segment light emitting diodes (LED), incandescent, fluorescent, 
gas discharge, or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) dis- 
play driver, computer/calculator display driver, cockpit display driver, 
and various clock, watch, and timer uses. 

• Quiescent Current =5.0 nA/package typical @ 5 Vdc 

• Low Logic Circuit Power Dissipation 

• High-Current Sourcing Outputs (Up to 25 mA) 

• Latch Storage of Code 

• Blanking Input 



Lamp Test 



Provision 
tanking on all I 



Readout Blanking on all Illegal Input Combinat ons 

• Lamp Intensity Modulation Capability 

• Time Share (Multiplexing) Facility 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Ranga 







MAXIMUM RATINGS (Voltages referenced to V ss ) 



Rating 




Symbol 


V>lu« 


Unit 


DC Supply Voltage 




VDD 


-0.5 to +18 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.5 to Vqd + 0.5 


Vdc 


DC Current Drain per Input Pin 




I 


10 


mAdc 


Operating Temperature Range - 


AL Devic* 




T A 


-55 to +125 
-40 to +85 


°C 


\«i_f\*r ucvili 








Storage Temperature Range 




T«g 


-65 to +150 




Maximum Output Drive Current 
(Source) per Output 






'OHmax 




mA 


Maximum Continuous Output Power 
(Source) per Output * 




p OHmax 


50 


mW 


*POHmax='OH <V DD -V OH ) 











This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. A destructive high current mode may occure if Vj n and V oul is not 
constrained to the range V$g < (Vj n or V out ) <Vqq. 

Due to the sourcing capability of this circuit, damage can occur to the device if Vqq is 
applied, and the outputs are shorted to Vgg and are at a logical 1 (See Maximum 
Ratings) 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
VSS orV DD ). 



1 



MC14511B 



CMOS MSI 



(LOW-POWER COMPLEMENTARY MOS) 



BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 

MC14XXXB Sulti» Danota. 



h 



PlMtic Pack age 
A Extandad Operating 
Tamparatura Ranga 
C Limited Oparating 
Tamparature Ranga 



2 c= 
* CZ 

s i— : 
6 rzz 
i rzz 
8 rzz 


8 v DO 
C 1 
LT g 

LE b 
D c 


— i 16 a 

=« 'Ch 

=112 d 

=110 V OD -Pinl6 
=,, V ss -P.n8 

DISPLAY 


n 
u 


i C J 




01 23 456 789 





NPUTS 


OUTPUTS 




LE 


Bl 


LT 


D C B A 


a b c d e f 9 


DISPLAY 









X X X X 


1111111 


8 


X 









X X X X 





Blank 





c 

c 











1 
10 
11 


1111110 

? : i ? ? ; ? 

1111001 




1 
2 
3 
















10 
10 1 


0110011 
1011011 


4 

5 
















110 
111 


0011111 
1110000 


6 

7 





















1 
1 
1 1 


1111111 
1110011 
0000000 
0000000 


8 
9 

Blank 
Blank 















1 


0000000 


Blank 



















1 1 

1 1 1 


0000000 
0000000 
0000000 


Blank 
Blank 
Blank 




1 










X X X X 







X - Don't Care 

■Depends upon the BCD code previously applied 
when LE - 



ELECTRICAL CHARACTERISTICS 







V DD 
Vdc 


Tic- 


w* 


2S°C 


Th 






Characteristic 


Symbol 


Min 


Max 




Typ 


Max 


Min 


Max 


Unit 


Output Voltage "0" Level 
V,„-V DD orO 


V OL 


5.0 
10 


- 


0.05 
0.05 
0.05 


- 




Q 


0.05 
0.05 


_ 


0.05 
0.05 


Vdc 




15 




- 





0.05 


— 


0.05 




"1" Level 

V; n - or Vdd 

in 


VOH 


5.0 
10 
15 


4.1 
9.1 
14.1 


- 
- 


4.1 
9.1 
14.1 


4.57 
9.58 
14.59 


- 


4.1 
9.1 
14.1 


- 
- 


Vdc 


Inmit Unltane" "C" Level 
input vunage w v 

(V -3.8or 0.5 Vdc) 


Vn 
V IL 


5.0 




1 .5 




2.25 


1.5 




its 


Vdc 


IVq ■ 8.8 or 1.0 Vdc) 




10 




3.0 


- 


4.50 


3.0 


_ 


3.0 




(V - 13.8 or 1.5 Vdc) 




13 




4.0 




6.75 


4.0 




4.0 




— n s'n, i a v/Hfi 1 Level 

1 V Q — u.o or J JO VGCI 


V|h 


5 


3 5 




3.5 


2.75 




3.5 




Vdc 


IV =1.0 or 8.8 Vdc) 




10 


7.0 


- 


7.0 


,5.50 


— 


7.0 


- 




(Vq as 1 .5 or 1 3,8 Vdc) 




1 5 


1 t.O 




11.0 


8.25 




11.0 




i — 


Output Drive Voltage (AL Device) 
('OH = mAdc)i Sourcei 


V H 


5 


4 10 




4.10 


4.57 




4.1 




Vdc 


(I H- 5-0 mAdc) 
"OH '0 mAdc) 






330 


: - 


3.90 


4.24 
4.12 


- 


3.5 


- 




"OH * 15 mAdc) 
"OH * 20 mAdc) 








- 


3.40 


3.94 
3.75 




3.0 


- 




"OH *** m aoc) 
"OH = mAdc) 












3.54 


- 










10 


9.10 


- 


9.10 


9.58 




9.1 


- 


Vdc 


"OH = 5.0 mAdc) 
"OH " 10 mAdc) 






9.00 


- 


900 


9.26 
9.17 


_ 
- 


8.6 


- ; 




0OH = 15 mAdc) 
"OH = 20 mAdc) 






8.60 




- 
8 60 


9.04 
8 90 


- 
- 


8.2 






"OH " 25 mAdc) 
"OH = OmAdc) 










- 


8.75 


- 










15 


14.1 


— * n ° 


14.1 


14 59 


- 


14.1 




Vdc 


"OH " 5.0 mAdc) 
"OH = 10 mAdc) 






14.0 




- 
14.0 


14.27 
14.18 


- 
— 


13.6 






"OH m AOC; 
(l 0H - 20mAe1cJ 






13.6 




- 
13.6 


14.07 
13.95 


— 

- . 


1 3.2 






dOH " 25 mAdc) 






~ 




- 


13.80 




























Output Drive Voltage (CL/CP Device) 
0OH = mAdc) I Source 


VOH 


5.0 


4 10 




4.10 


4 57 


- 


4.1 




Vdc 


(I OH = 5.0 mAdc) 
(l 0H " 10 mAdc) 






3.60 


- 


3.60 


4.24 
4.12 


- 


3.3 


- 




dOH" 15 mAdc) 










- 


3.94 


- 








' 'OH *° mAdc) 






2.80 




2.80 


3.75 




2.5 






"OH " mAOC) 












3.54 


- 








"OH 3 OmAdc) 




10 


9.10 


- 


9.10 






9.1 


- 


Vdc 


(Iqh' 5.0 mAdc) 












9.26 


- 








"OH " 10 mAdc) 






8.7G 


- 


8.75 


9.17 
904 




8.45 


— 




"OH = 1 5 mAdc) 












- 








(Iqh " 20 mAdc) 






8.10 




8.10 


8.90 




7.8 










- 


- 


- 




dm ■ ■ 9(i mArirl 
(IQH *o mnaci 












8.75 


- 








(Iqh 3 OmAdc) 




15 


14.1 




1 4 1 ' 


14.59 




■ 14 ^ 




vdc 




~_ ■ 








(Iqh* 5.0 mAdc) 
(Iqh " 10 mAdc) 
(Iqh - 15 mAdc) 












14.27 














13.78 




13.75 


14.18 
14.07 




13.45 






dOH - 20 mAdc) 






13.1 




13.1 


13.95 




123 






(Iqh ■ 25 mAdc) 












13.80 










Output Drive Current (AL Device) 

(V L - 0.4 Vdc) Sink 
(V O L-0.5Vdcl 

(v l -15 vdc) 


■ 'OL 


5.0 

id 

15 


0.64 
1.6 




0.51 
1.3 


0.88 
2.25 




0.36 
0.9 




mAdc 




4.2 




3.4 


8.8 




2.4 






Output Drive Currant (CL/CP Device) 
(Vql -0.4 Vdc) Sink 


'OL 


5.0 


0.52 




0.44 


0.88 




0.36 




mAdc 


(v l - 5 vdci 




10 


1.3 




1.1 


2.25 




0.9 






(Vql- 1 5 Vdcl 




15 


36 




3.0 


88 




24 
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ELECTRICAL CHARACTERISTICS (Continued) 



Characteristic 


Symbol 


vdd 

Vdc 


T|o»' 


25°C 


Th 


*' 


Unit 


Min 


Mas 


Min 


Typ 


Max 


Min 


Max 


Input Current (AL Device) 


'in 


15 




±0.1 




±0.00001 


±0.1 




±1.0 


pAdc 


Inpul Current (CL/CP Device) 


hn 


15 




±03 




±0.00001 


±0.3 




±1.0 


stAdc 


Input Capacitance 
IViB-01 


C jn 










5.0 


7.5 






pF 


Quiescent Current (AL Device) 
(Per Package) 


idd 


50 
10 
15 




5 
10 
20 




0.005 
0.010 
0.015 


5.0 
10 
20 




150 
300 
600 


uAdc 


Quiescent Current (CL/CP Device) 
(Per Package) 


'dd 


50 
10 
15 




20 
40 
80 




0.005 
0.010 
0.015 


20 
40 
80 




150 
300 
600 


uAdc 


Total Supply Current"t 
(Dynamic plus Quiescent, 
Per Package) 

IC(_ ■ 50 pF on all outputs, all 
buffets switching) 


it 


50 
10 
15 


i T - us tiA/kHz) f t i D d 
it ' (3.8 cA/kHzi 1 » Idd 

It * (5.7 uA/kHzl f + Idd 


uAdc 



■Tlow" -55°C lor AL Device. -40°C lor CL/CP Device. 
T high = «125°C lor AL Device. +85°C for CL/CP Device 
#Noise immunity specified for worst-case input combination 
Noise Margin for both "1" and "0" level = 

1 .0 Vdc min ts> V D D " 5 Vdc 
2.0 Vdc min « 
2.5 Vdc min S 

SWITCHING CHARACTERISTICS* (C L - 50pF.T A 



1 To calculate total supply current at loads other than 50 pF : 
l T <C L ) ' It'50 P f > ♦ 3-5 * -0" 3 <Cl -50> v DD f 
where: lj is *-A (per package), C L in pF, Vqq in Vdc, 
and f in kHz is input frequency. 
"The formulas given are for the typical 
characteristics only at 25°C. 









vdd 












•tic 
mc 


Symbol 


Vdc 




Typ 




Unit 


Output Rise Time 

tJLH ■ (1.6 ns/pF) C|_ + 50 ns 





tTLH 


5.0 




40 


80 


ns 


tTLH " (0.75 tu/pF) C L + 37.5 ns 






10 




30 


60 




tTLH ■ (0.55 ns/pF) Ci_ + 37.5 ns 






15 




25 


50 




Output Fall Time 

tTHL - (1 5 ns/pF) Cl + SO ni 
tTHL = (0.75ns/pF) Cl + 37.5 ns 
tTHL • (0-55 ns/pF) Cl + 37.5 ns 





tTHL 


5.0 
10 
15 




125 
75 
65 


250 
150 
130 


ns 


Data Propagation Delay Time 

tpi_H - (0.40 ns/pF) C L + 620 ns 
tp L H - (0.25 ns/pF) C L + 237.5 ris 
tPLH " (0.20ns/pF) C L + 165 ns 




tPLH 


5.0 
10 
15 




640 

250 
175 


1280 
600 
350 


ns 


tPHL " (1-3 ns/pF) Cl + 655ns 
tPHL = (0.60 ns/pF) C u + 260 ns 
tPHL " (0-35 ns/pF) C L +182.5 ns 




tPHL 


6.0 
10 
16 




720 
290 
200 


1440 

580 
400 


ns 


Blank Propagation Delay Time 

tPLH " (O30 ns/pF) C L + 305 ns 
tp L H - (0.25ns/pF) C L + 117.5 ns 
IPLH " (0.15 ns/pF) C[_ + 92.5 ns 




tPLH 


5.0 
10 
15 




600 
200 
150 


750 
300 
220 


ns 


tPHL " (°- 85 n«/pFI C L + 442.5 ns 
tpHL - (0 45 ns/pF) C L + 177.5 ns 
tPHL " (0.36 ns/pF) C L + 142.5 ns 




tPHL 


5.0 
10 
15 




485 
200 
160 


970 
400 

320 


ns 


Lamp Test Propagation Delay Time 




tPLH 










ns 


tp L H ■ (0.45 ns/pF] C L + 290.5 n> 






6.0 




313 


625 




tPLH " 10 25 ns/pF) C L + 1 12.5 ns 
tpLH * (0.20ns/pF) C L + 80 ns 






10 
15 




125 
90 


250 
180 




ts>HL- (13ns/pFI C L + 248 ns 
tPHL-(0.45ns/pF)C L + 102.5 ns 
tpHL-(0.35ns/pFIC L + 72.5 ns 




"PHL 


5.0 
10 
15 




313 
125 
90 


625 
250 
180 


ns 


Setup Time 




<su 


5.0 
10 
15 


180 
76 
40 


90 
38 
20 




ns 


Hold Time 




th 


5.0 
10 
15 







-90 
-38 
-20 




ns 


Latch Enable Pulse Width 




'WL 


5.0 
10 
15 


520 
220 
130 


260 
110 
66 




ns 



• The formulae given are for the typical < 



> only. 
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FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 



Input LE low, and Inputs D. Bl and LT high, 
f in raspeat to a «y item clock- 



Any Output 




FIGURE 2 - DYNAMIC SIGNAL WAVE FORMS 



Inputs D and LE low. and Inputs A, B, Bl and LT high. 

20 m 



Output 



H— J p— tPHL— J H— 

t 55^k _V ' 

8 /so* \ 









(b) Imil D low. Incuts A. B. Bl and LT hioh. 








20 n«— «| (— 



10% Jf 



Input C 



IcM 


























60%' r / 



■ DD 

-v ss 





Output g 
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 



LIGHT EMITTING DIODE (LED) READOUT 




Filamant 

Supply 



— V ss or appropriate 



GAS DISCHARGE READOUT 



-J; 
Jf 



Appropriate - 
Voitaga 



LIQUID CRYSTAL (LCD) READOUT 

Excitation 
(Square Wave, 

v DO V ss toV DD ) 




1/4 of MC14070B 



to raduca fitamant 
cold ratlitanca of tha 



-=-v ss 

drlva of LCD'* not racommandad for Ufa of LCD readouts. 
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BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 



The MC14513B BCD-to-seven segment latch/decoder/driver is 
constructed with complementary MOS (CMOS) enhancement mode 
devices and NPN bipolar output drivers in a single monolithic struc- 
ture. The circuit provides the functions of a 4-bit storage latch, an 
8421 BCD-to-seven segment decoder, and an output drive capability. 
Lamp test (LT), blanking (Bl), and latch enable (LE) inputs are used 
to test the display, to turn-off or pulse modulate the brightness of 
the display, and to store a BCD code, respectively. The Ripple 
Blanking Input (RBI) and Ripple Blanking Output (RBO) can be 
used to suppress either leading or trailing zeroes. It can be used with 
seven-segment light emitting diodes (LED), incandescent, fluores- 
cent, gas discharge, or liquid crystal readouts either directly or 
indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) dis- 
play driver, computer/calculator display driver, cockpit display 
driver, and various clock, watch, and timer uses. 



Logic Circuit Power Dissipation 
High-current Sourcing Outputs (Up to 25 mA) 
Latch Storage of Binary Input 
Blanking Input 
Lamp Test Provision 

Readout Blanking on all Illegal Input Combinations 
Lamp Intensity Modulation Capability 
Time Share (Multiplexing) Capability 

Adds Ripple Blanking In, Ripple Blanking Out to MC14511B 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of Driving Two Low-Power TTL Loads, One Li 



Schottky iTTL Load to Two 
Temperature Range 



Over the 



nuu-nnuucr 

the Rated 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 
WITH RIPPLE BLANKING 



18 Will 

1 L 1 

L SUFFIX 




P SUFFIX 


CERAMIC PACKAGE 


PLASTIC PACKAGE 


CASE 726 


CASE 707 


ORDERING INFORMATION 








MCUXXXB _ 


Suffix Denotes 




b 


L Ceramic Package 






P Plastic Package 






A Extended Operating 






Temperature Range 






C Limited Operating 






Temperature Range 



MAXIMUM RATINGS (Voltages referenced to V ss ) 



Rating 



DC Supply Voltage 



Input Voltage, All Inputs 



DC Current Drain per Input Pin 



Operatir 



VPD 



-0.5 to V DD 



+ 0.5 




Storage Temperature Range 



Maximum Continuous Output Drive Current 
(Source) per Output 



Maximum Continuous Output 
(Source) per Output $ 



Power 



t p OHmax " 'OH I^DD - VOH> 



'OHn 



p OHmax 



to + 12S 
I to +85 



SO 



PIN ASSIGNMENT 




.0 



TRUTH TABLE 



This device* contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high imped- 
ance circuit. A destructive high current mode may occur if V m and V out is not con- 
strained to the range Vss ^ * v in or v out* ^ V DD- 

Due to the sourcing capability of this circuit, damage can occur to the device if Vrjrj is 
applied, and the outputs are shorted to Vjjg and are at a logical 1 (see Maximum 
Ratings). 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either V ss 
orV DD ). 
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ELECTRICAL CHARACTERISTICS 









T|ow* 


25°C 


T high" 




Characteristic 


Symbol 


Vdc 


Mm 


Max 


Mm 


Tvp 


_Max 


— Mm ^ 


— 


Unit 


Output Voltage — Segment Outputs 
"0" Level 

Vin" V OD orO 


Vol 


50 
10 
15 




0.05 
0.05 
0.05 















Vdc 




_ 


-' 


0.05 
0.05 
005 




0.05 
0.05 
0.05 




"V Level 

V in = Oor V D 


VOH 


5.0 
10 
15 


9.1 
14.1 


- 


9.1 
14.1 


5 
10 
15 


- 


4 1 

9.1 
14.1 


- 


Vdc 


Output Voltage - RBO Output 

"0" Level 

Vin- V DD orO 


vol 


6.0 
10 
15 




0.05 
005 
0.05 









0.05 
0.05 
0.05 




0.05 
0.06 
0.05 


Vdc 


■'V Level 

V in = 0orV DD 


voh 


5.0 
10 


4.95 
9.95 




4.95 
9.95 


5.0 
10 




4.95 
9.95 




Vdc 






IS 


14.95 




14.95 


15 




14.95 






Input Voltage* "0" Level 
(Vo - 3.8 or 0.5 Vdc) 
IV »8.8or1.0Vdc) 
(V * 13.8 or 1.5 Vdcl 


VlL 


5.0 
10 
15 


- 


1.5 
3.0 
4.0 


_ 


2.25 
4.50 
6.75 


3.0 
4.0 


- 


3.0 
40 


Vdc 


(Vq = 0.5 or 3.8 Vdcl "1" Level' 
(Vq = 1 .0 or 8.8 Vdc) 
(Vq T 15 or 13.8 Vdcl 


V|H 


50 
10 


3 5 
7.0 
11.0 


- 
- 


3.5 
7.0 
11.0 


2.75 
5.50 
8.25 


— 


3.5 
7.0 
11.0 


— 

- 


Vdc 


Output Drive Voltage - Segments 
(AL Device) 

I'OH = OmAdc) Source: 

ll H ' 5.0 mAdc) 

(lOH = 1° mAdc) 

(IqH = 15 mAdc) 

I 'OH = 20 mAdc) 

(lOH = 25 mAdc) 


voh 


50 


4.10 

3.90 

- 
3.40 


_ 

- 
- 


4.10 

3.90 

- 
3.40 


4.57 

4 12 

3.94 
3.75 
3.54 


- 
- 


4.1 

3.5 

- 

3.0 


- 

- 


Vdc 


(lOH " mAdc) 
(l H -, 5 mAdc) 
dOH = 10 mAdc) 




10 


9.10 
9.00 


- 


9.10 
9.00 


9.58 
9.26 
9 17 


fl " 


9.1 
8.6 


- 


Vdc 


dOH > 15 mAdcl 
(lOH " 20 mAdcl 
I'OH *o mMuci 












9.04 














8.60 


- 
- 


8.60 

- 


8.90 
8.75 


o.e-> * 


8.2 

- 


- 

r 




dOH = mAdc) 
I'OH = 5-0 mAdc) 
{IqH " 10 mAdc) 




— ii — 


■A ■ 

14.0 


- 
- 


14.1 
14.0 


14.59 
14.27 
14.18 


- 
- 


14.1 
13.6 


- 

- 


Vdc - 


(OH ='15 mAdc) 
(lOH - 20 mAdc) 






13.6 


- 


13.6 


14.07 
13.95 




13 2 


- 




ll OH - 25 mAdc) 












13.80 










Output Drive Voltage — Segments 


vqh 


















Vdc 


(CL/CP Device) 

(Iqh = mAdc) Source: 
llOH = 5.0 mAdc) 
(Iqh = 10 mAdc) 
dOH = 15 mAdc) 




50 


4 10 




4.10 


4.57 
4.24 




4.1 








- 


- 










3.60 




3.60 


4.12 
3.94 




3.3 


- 




(lOH = 20 mAdc) 






2.80 




2.80 






2 _ 5 






(lOH " 25 mAdc) 












3.54 










(Iqh - mAdc) 




10 


9.10 


- 


9.10 


9.58 


- 


9.1 


- 


Vdc 


(Iqh • 5.0 mAdcl 
d 0H = 10 mAdc) 






8.75 




875 


9.26 
9.17 




8.45 






dOH = 15 mAdc) 
(Iqh - 20 mAdcl 
dOH - 25 mAdc) 






8.10 




8.10 


9.04 
8.90 




7 8 
















8.75 










dOH - mAdc) 
dOH • 5.0 mAdc) 
(lOH « 10 mAdc) 
dOH = 15 mAdc) 
(lOH - 20 mAdcl 
dOH = 25 mAdcl 




15 


14.1 
13.75 
13.1 




14.1 

13.75 
13.1 


14.59 
14.27 
14.18 
14.07 
13.95 
13.80 




14.1 
13.45 
12.8 




Vdc 
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ELECTRICAL CHARACTERISTICS (Continued) 









Tlow* 


2S°C 


T high* 








Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Output Drive Current - RBO Output 


'oh 




















mAdc 


(AL Device) 

(Vqh = 2.5 Vdc) Source 
< v OH ■ 9-5 Vdc) 

* OH 1 0.3 VOtl 




5.0 
10 
15 


-0.40 
-0.21 
-0.81 






-0.32 
-0.17 
-0.66 


-0.64 
-0.34 
-1.3 


_ 


-0.22 
-0.12 
-0.46 


_ 




(Vol = 0.4 Vdc) Sink 

(v l = o.5 vdc) 
(Vol = 15 Vdc > 


'ou 


5.0 
10 
15 


0.18 
0.47 
1.8 






0.15 
0.38 
1.5 


0.29 
0.75 
2.9 


- 


0.10 

0.26 
1.0 


- 


mAdc 


Output Drive Current - RBO Output 


'OH 




















mAdc 


(CL/CP Device) 

(Voh = 2 5 Vdc) Source 

l v OH =9.5 Vdc) 

(Voh = 13.5 Vdc) 




5.0 
10 
IS 


-0.25 
-0.13 
-0.52 






-0.21 
-0.11 
-0.44 


-0.64 
-0.34 
-1.3 


- 


-0.17 
-0.092 
-0 36 


- 




(Vql ■ 0.4 Vdc) Sink 
ivql v.o vac; 
(Vql = 1-5 Vdc ' 


"OL 


5.0 
15 


0.12 
0.30 
1.2 




0.098 
0.25 
0.98 


0.29 
0.75 
2.9 


- 


0.080 
0.21 
0.80 


_ 
- 


mAdc 


(AL Device) 

(Vql = 04 Vdc) Sink 

(vql - 0.5 vdc) 
(Vol " 1.8 vdc) 


'OL 




















mAdc 


5.0 
10 
15 


0.64 
1.6 
4.2 






0.51 
1.3 
3.4 


0.88 
2.25 
8.8 


-■ 
~ 


0.36 
0.9 
2.4 


- 




Output Drive Current — Segments 
(CL/CP Device) 
(V 0L = 0.4 Vdc) Sink 

(v l ■ 0.5 vdc) 

(V 0L = 1.5 Vdc) 


■OL 


5.0 


0.52 






0.44 


0.88 




0.36 








10 
15 


1.3 

3.6 






1.1 
3.0 


2.25 
8.8 




0.9 
2.4 






Input Current (AL Device) 


>in 


16 




±0.1 




±0.00001 


±0.1 




±1.0 


fjAdc 


Input Current (CL/CP Device) 


'in 


15 




±0.3 




±0.00001 


±0.3 




±1.0 


*iAdc 


— . 

Input Capacitance 
(V;« = 0) 


Cin 










6.0 


7.5 






pF 


Quiescent Current (AL Device) 
(Pet Package) 


'DD 


50 
10 
15 




5.0 
10 
20 




0.005 
0.010 
0015 


5.0 
10 
20 




150 
300 
600 


uAdc 


Quiescent Current (CL/CP Device) 


'OD 


5.0 






20 




0.005 


20 




150 


MAdc 


(Pet Package) 




10 
15 




S 




0.010 
0015 


40 
80 




300 
600 




Total Supply Current* *t 
(Dynamic plus Quiescent, 
Per Package) 

(C(_ = 50 pF on all outputs, all 
buffers switching) 


it 


5.0 
10 
15 




ly " (1.9|iA/kHzl f + l DD 
l T ■ (3.8uA/kHzl f + Ipo 
IT ■ (5.7 M A/kHzl f + l 00 


MAdc 



*T|ow = 
T high ■ 



■ -55°C for AL Device, -40°C for CL/CP Device. 
= +125°C for AL Device, +25°C for CL/CP Device. 
# Noise immunity specified for worst-case input combina ion. 
Noise Margin for both "1" and "0" level * 
1.0 Vdc min 19 V DD = 



2.0 Vdc min @ m 
2.5 Vdc mil 




t To calculate total supply current at loads other than 50 pF: 
l T (C L ) = lT-50 pF) + 3.5 x 10" 3 (C L - 50) V DD f 

e: ly is in pA (per package), Cl in pF, Vqq in Vdc - 



and f in kHz is input frequency. 
* The formulas given are for the typical characteristics 
only at 25°C. 



1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

Input LE and RBI low, and Inputs D, 67 and CT high, 
f in respect to a system clock. 

mected to respective C L loads. 

20 ns— M f* -4 f— 20 ns 

hod r*°° 

>e / 6o*\ / 

— * pti2«y — v ss 



Any Output 



— 1/f— ( 
S0K Duty Cycle 



voh 



vol 
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SWITCHING CHARACTERISTICS' [C L - 50 P F, T A - 25°CI 









All Types 








VQD 










Characteristic 


Symbol 


Vdc 


Mm 


Typ 


Max 


Unit 


Output Rise Time - Segment Outputs 


'TLH 










ns 




5.0 
10 
15 




40 

30 
25 


80 
60 
50 




Output Rise Time - RBO Output 


'TLH 


5.0 
10 




480 
240 


980 
480 


ns 






15 




190 


380 




Output Fall Time - Segment Outputs 


'THL 










ns 


•THL - (1.5 ns/pFI Ci_ ♦ 50 ns 


5.0 




125 


250 




'THL " 10.75 ns/pFI Ct_ + 37.5 ns 




10 




75 


150 




<THL ■ (0.55 ns/pFI C L + 37.5 ns 




15 




65 


130 




Output Fall Time - RBO Outputs 


'THL 










ns 


<THL = 11.5 ns/pF)C L + 50ns 


5.0 




270 


540 




«THL - (0.75 ns/pF) C L + 37.5 ns 
'THL = (0.55 ns/pF) C L <| 37.5 ns 




10 




135 


270 






15 




1 10 


220 




Propagation Delay Time - A, B, C. D Inputs 


'PL H 










ns 


tpLH = (0.40 ns/pF) C L + 620 ns 




50 




640 


1280 




tpi_H = '0.25 ns/pF, C[_ + 237.5 ns 




10 




250 


500 




tpLH t 10 20 ns/pF] C L * 165 ns 




15 




175 


350 




tpHL = 11.3 ns/pFI Ci * 655 ns 


'PHL 


5.0 




720 


1440 


ns 


tpn|_ ' (0 60 ns/pF) Cl * 260 ns 




10 




290 


580 




tpHL f (0 35 ns/pF) C L + 182.5 ns 




15 




200 


400 




— : — — — 

Propagation Delay lime — RBI Input 


'PLH 










ns 


tp|_H f (0.30 ns/pF) C L + 305 ns 




50 




600 


750 




tp L H = (0.25 ns/pF) Cl + 117.5 ns 




10 




200 


300 




tpiH * (0.15 ns/pF) Ci + 92.5 ns 




15 




150 


220 










tpHL = (0-85 ns/pF) C\_ * 442.5 ns 


l PHL 


5.0 




485 


970 


ns 


tpHL = (0.45 ns/pF) C|_ + 177.5 ns 




10 




200 


400 




tPHL s (0 35 ns/pF) C u * 142.5 ns 




15 




— '60 






Propagation Delay Time - B! Input 


ip 










ns 


tpLH * (0-3 ns/pF) C|_ + 305 ns 




5.0 




600 


750 




tp|_H = (0 25 ns/pF) C L + 117.5 ns 
tpLH f (0 15 ns/pF) Cl + 92.5 ns 




10 




200 


300 






15 




ISO 


220 




tpHL = (0-85 ns/pP» C L + 442.5 ns 


'PHL 


5.0 




485 


970 


ns 


tpHL - (0.45 ns/pF) Cl + 177.5 ns 




10 




200 


400 




tpHL = (° 35 ns/pF) Cl ♦ 142.5 ns 




15 




160 


320 




Propagation Delay Time - LT Input 


tp[_H 










ns 


tpLH = iOA5 ns/pF} Cl + 290.5 ns 




50 




313 


625 




tpLH = 10-25 ns/pF) C L + 11,2.5 ns 




10 


•_ 


125 


250 




tpLH = (0.20 ns/pF) Cl t 80 ns 




15 




90 


180 




tpHL = (13 ns/pF) C L + 248 ns 


'PHL 


5.0 




313 


625 


ns 






10 




125 


250 




1PHL - (0 35 ns/pFI C L * 72.5 ns 




15 




90 


180 




Minimum Setup Time 


•tti 


5.0 




90 


180 


ns 




10 




38 


76 








15 




20 


40 




Minimum Hold Time 


'/> 


5.0 




-90 





ns 




10 
15 




-38 
-20 








Minimum Latch Enable Pulse Width 


'WL(LE) 


5.0 
10 




260 
110 


520 
220 


ns 


1 . 




15 




65 


130 




■ The formulae given are for the typical characteristics only. 
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FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 



a Data Propagation Daiay: Inputs RBI. D and LE low, and Inputs A. B, 61 and CT high 
20 r 



Input C 

tpLH 



3- — — »-j f— — 20 ns 
— ^\ 
f— <PH L— J |— 

VOH 



jtputj , ' 

tTHL 



'TLH 



b. Inputs A, B. D and LE low, and Inputs RBI, Bl and IT high 
20 ns 



JOns— | I— — | J^-20ns 

—iL 90%-LJ( V DC 

Input C \ 50,6 T/ 

X 12*/| v ss 



Output RBO 




90% ' : 



— V H 



10% 

l THL 



c. Setup and Hold Times: Input RBI and D low. Inputs A, B, §1 and CT high. 
20 ns- 



""1 £~ 

/50% 
10% /I 



<.u — 



■«h 



u C ^50% ^ 



-VDD 

-vss 

-VDD 



- 



-v ss 



Output g 



d. Pulse Width: Data 



_ 



-VOH 



-vol 



into latches. 

I I — -J [——20 ns 



90%> 
50% \1 

LE \10% 



-v D o 



'WLILE) —J U- 



-vss 
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CONNECTIONS TO VARIOUS DISPLAY READOUTS 
LIGHT EMITTING DIODE (LED) READOUT 



Common 
Cathode LED 

























* v s9 

INCANDESCENT READOUT 

V DD V DD 










! 

* 1.7 V 







■v ss 



FLUORESCENT READOUT 



^v ss 



Ug 1 I 

4^ ss 



Direct 

(Low Brightness) 



3r 




Filament 

Supply 



' v ss or appropriate 
voltage below v ss . 



GAS DISCHARGE READOUT 



LIQUID CRYSTAL (LCI READOUT 

Excitation 
(Square Wave. 
V DD V ss toV DD l 




^ v ss 



• •A filament pr. warm re.ittor i. recommended to reduce filament Direct dc driv . f LC'i not recommended for life of LC reedouti. 

thermal ahock and increase the effective cold resistance of the 
filement. 
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LOGIC DIAGRAM 




TYPICAL APPLICATIONS FOR RIPPLE BLANKING 

LEADING EDGE ZERO SUPPRESSION 



Connect to 
V OD HI 



TTUTTT 



RBI RBO 
O C B A 



TTTT 

MC14513B 



TTTTTTT 



RBI RBO 
D C B A 



Input 
Cod. 



TTTT 

MC14513B 


(0) 



Tfrrrrr 



/ / 
/ / 



RBI RBO 
D C B A 



TTTT 

MC14513B 
10 1 

(5) 



TfTfTfT 



RBI RBO 
D C B A 



TTTT 

MC14513B 


I0I 



mmr , jmm 



RBI RBO 
D C B A 



TTTT 

MC14513B 
1 

(1) 



RBI RBO - 

O C B A 



TTTT 

MC14513B 
11 

(3) 



I 
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TYPICAL APPLICATIONS FOR RIPPLE BLANKING (Cont) 
TRAILING EDGE ZERO SUPPRESSION 



tm+t t 

a g 

- RBO RBI • 

O C B A 

llil 

MC14513B 
10 1 

' (SI 



/ / 
/ / 



TtTTTTT 



RBO RBI 
D C B A 

Mil 

MC14513B 


(01 



WEE 



a g 

RBO RBI 
DC B A 



TTTT 

MC14513B 
1 

(II 



TTTTTtT 



9 

RBO RBI 
D C B A 



TTTT 

MC14513B 
11 

(3) 



TTTtTtT 



a 9 

RBO RBI 
□ C B A 



TTTT 

MC14513B 


I0I 



TtTtTtT 



9 

RBO RBI 
D C B A 



Connect to 
Vqd HI 



TTTT 

MC14513B 


(0! 
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1024-BIT READ ONLY MEMORY 

The MCM 14524 is a complementary MOS mask programmable 
Read Only Memory (ROM). This device is ordered as a factory spe- 
cial with its unique pattern specified by the user. 

This ROM is organized in a 256 x 4-bit pattern. The contents of 
a specified address « AO, A1, A2, A3, A4, A5, A6, A7 » will 
appear at the four data outputs (BO, B1, B2, B3) following the 
negative going edge of the clock. When the clock goes high, the data 
present at the output will be latched. The memory Enable may be 
taken low asynchronously, forcing the data outputs low and reset- 
ting the output latches. This device finds application wherever low 
or high noise immunity is a design consideration. 



Protection on All Inputs 



• Noise Immunity = 45% of VqD typical 

• Quiescent Current - 10 nA/package typical <§> 5 Vdc 

• Single Supply Operation - Either Positive or Negative, 

• Memory Enable Allows Expansion 

• Output Latches Provide a Useful Storage Register 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 



Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper 
ature Range 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

1024-BIT 
(256 x 4) 
READ ONLY MEMORY 







L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
C*ASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXX 


Suffix Denotes 




L Ceramic Package 

I — P Plastic Package 

A Extended Operating 

Temperature Rang* 

I C Limited Operating 

Temperature Range 





BLOCK DIAGRAM 



o^>^>o- 



;o-^^o- 

12 ^ 



1 of 32 
Add raw 



-{V 



— 



Memory 
Matrix 
(32 x 8) 



Address 
Decoder 

(1 of 8) 



Address 
Decoder 

(1 of 8) 



Address 
Decoder 

(1 of 8) 

Address 
Decoder 

(1 of 8) 



V DO = Pin 16 
V SS = Pin 8 



Output 
Latch and 
Buffer 



3 

5— OBO 



Output 
Latch and 
Buffer 



Output 
Latch and 
Buffer 

Output 
Latch end 
Buffer 
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MAXIMUM RATINGS (Voltages referenced to V ss | 



DC Supply Voltage 



nput Voltage. All Inputs 



DC Current Dram per Pin 



Operating Temperature Range AL Device 
CL/CP Device 



Storage Temperature Range 



-55 lo « 1 25 
-40 lo »85 



i 10*150 °C 
1 



PIN ASSIGNMENT 



J 8 t= V SS 




ELECTRICAL CHARACTERISTICS 







Vnn 


T low" 


25°C 


T,, 


Mb' 




Characteristic 


— I 


Vdc 


Mm 


Max 


Min 


Typ 


Ma« 


Min 


Max 


Unit 


Output Voltage "0" Level 


Vol 


5.0 


- 


0.01 







0.01 




0.05 


Vdc 






10 


- 

- 


0.01 
0.01 


- 

- 






01 
0.01 




0.05 
0_05 — 








— 

5.0 


4 99 




4.99 
9 99 


5.0 




4.95 
9.95 




Vdc 


"1" Level 


Voh 


- 


- 








10 


999 


- 


10 












15 


14.99 




14.99 


15 




14.95 






Noise Immunitv ^ 


Vnl 




















1 V ou , : 0.8 Vdc) 




5 


1 .5 


* 


1 .5 


2.25 




1.4 






1 V oul -.. 1.0 Vdc) 




10 








4.50 




2.9 






( V ou , ■ 1 6 Vdcl 




15 


3.75 




3.75 


6.75 




3.75 






1 Vqu, * 0.8 Vdc) 


V NH 


5 


1 .4 




1 .5 


2.25 




1.5 




Vdc 


1 Voul ' 1.0 Vdcl 




10 


2.9 




3.0 


4.50 




3.0 


_ 




I V „. 1.5 Vdcl 




15 


3.65 


_ 


3.75 


6 75 




375 


- 




Output Drive Current (AL Device) 


lOH 


















mAdc 


(V H " 2 5 Vdcl Source 




5.0 


-1 .2 




1.0 


-1.7 




-0.7 






IVoH * 4.6 Vdc) 




5.0 


-0 25 




-0.2 


-0.36 




-0.14 






(V OH ■ 9 5 Vdcl 




10 


-0.62 


- 


-0.5 


-09 




-0.35 


- 




IVoh = 13-5 Vdcl 




15 






-1.5 


-3.5 




-1.1 






(V L " 0.4 Vdcl Sink 


'OL 


5.0 


— 

0.64 




51 


0.88 




036 




mAdc 


(v l " 5 vdcl 




10 


16 




13 


2 25 




0.9 






(V 0L ■ 1.5 Vdcl 




15 


4.2 




3 4 


88 




2.4 






Output Drive Current (CL/CP Device) 


lOH 


















mAdc 


IV H * 2 5 Vdcl Source 




5.0 


-1.0 




-08 


-1.7 




-06 






IVOH " 4.6 Vdcl 
(V 0H -9.5 Vdcl 
(V OH = 13.5 Vdcl 




5.0 


-0 2 




-0.16 


-036 




-0 12 








10 


-OS 




-0.4 


-0.9 




-0.3 








15 


-1.4 




-1.2 


-3.5 




-1.0 






(V L " 0.4 Vdcl S.nk 


'OL 


5.0 


0.52 




0.44 


0.88 




36 




mAdc 


(Vol " 0.5 vdcl 




10 


1.3 




1.1 


2.25 




09 






(v L " 1 -5 vdcl 




15 


36 




3.0 


8.8 




2.4 






Input Current (AL Device) 


■in 


15 




•0 1 




■0 00001 


| 




•1.0 


uAdc 


Input Current (CL/CP Device) 


lin 


15 




n.o 




•0.00001 


11.0 




•1.0 


uAdc 
























Input Capacitance 


c,„ 










5.0 








pF 


IV,„ ■ 01 










































Quiescent Current (AL Device! 








5.0 




0.010 


5.0 




150 


MAdc 


Idd 


5 








(Per Package) 


10 




10 




0.020 


10 




300 








15 




20 




0X130 


20 




600 




Quiescent Current (CL/CP Devicel 


Idd 


5.0 




50 




0.010 


50 




375 


uAdc 


(Per Packagel 




10 




100 




0X120 


100 




750 








15 




200 




0.030 


200 




1500 




Total Supply Current ' * T 


it 


50 






l T -l1.6»A/kHilf + Idd 






uAdc 










(Dynamic plus Quiescent, 




10 






i t - (3.2 iiA/kHii f ♦ Idd 








Per Package) 

(Cl ■ 50 pF on all outputs, all 




15 






I t = (4.8mA/IcHzH + Idd 








buffers switching) 























"Tlow " -55°C for AL Device. -40°C for CL/CP Device 
Thigh " *125°C for AL Device. +85°C (or CL/CP Device 
ffNoise immunity specified for worst case input combination 
TTo calculate total supply current at loads other than 50 pF : 
l T IC L l - ItI50 pFI ♦ 1 « 10-3 (C L -50I V DD f 
where: \ j is in fiA (per package). C L in pF, V DD in Vdc, or 
"The formulas given are for the typical characteristics only at 



d f in kHz is input frequency. 
25°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric 
fields: however, it is advised that normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that 
Vj n and V out be constrained to the range Vgs ^ l v in or v out' ^ V DD- 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgs or Vqq). 
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SWITCHING CHARACTERISTICS* IC L -SOpF,T A - 25°C) 



Characteristic 


Symbol 


VrjO 




Typ 


Max 


Unit 


Output Rise Time 


tTLH 










ns 


tTLH, tTHL * '3.0 nt/pF) C|_ + 30 ns 
tTLH, tTHL " <1.5n«/pF) C[_ + 15 ns 
tTLH, «THL- (1-1 ns/pF)C L +10ns 




5.0 
10 


- 


180 
90 


360 
180 






15 




65 


130 




Output Fell Time 

tJLH, tTHL ™ (1.5 nt/pF) C|_ + 25 ns 


tTHL 


5.0 






200 


nt 






100 




tTLH] tTHL = < - 75 rw/pF) Cl + 12.5 rw 




10 


_ 


50 


100 




tTLH, tTHL " <°-55 n«/pF) C|_ + 9.5 ni 




15 


- 


40 


80 










taccc " < 17 n,/pFI C L + 1265 n » 


taccc 


5.0 


— 


1350 


4000 


ns 


tecc C = I - 66 ™'P F > C L + 517 ns 
tecc c " <0 - 5 n!/ P F ' C L + 325 ns 




10 
15 


- 

— 


550 
350 


1600 
1200 




Enable Access Deley Time 

teccgn " " - 7 C L + 160 n « 


taccpj n 


5.0 


_ 


245 


615 


ns 


tecc En " 10.66 ns/pF) C L + 77 ns 
t»cc en -<0.5ns/pF)C L + 50ns 




10 
15 




110 
75 


265 
190 




Clock Pulse Widtht 


tWH 


5.0 
10 


450 

165 


150 
55 


- 


ns 






15 


125 


35 


_ 






tWL 


5.0 


3600 


1200 




ns 






10 


1425 


475 










15 


1070 


300 


_ 




Maximum Low Clock Pulse Width* 


tWL 


5.0 


2.0 


10 




ms 






10 


0.9 


3.0 










15 


0.1 


0.3 


- 




Address Setup-Time 


tsu(A) 


5.0 










ns 






10 
















15 












Address Hold Time 


th(A> 


5.0 
10 












ns 






16 












Clock to Enable Setup Time 




5.0 


4275 
1725 


1426 
575 




ns 




tsu(cl) 


10 








15 


1295 


400 






Clock to Enable Hold Time 


thlcll 


5.0 
10 


150 

75 








ns 






15 


55 










* The formulae given are for typical characteristics only. 

t The clock can remain high indefinitely with the date remaining latched. 

4f If clock stays low too long, the dynamically stored data will leak off and will have to be recalled. 



FIGURE 1 -OUTTUT DRIVE CURRENT 
TEST CIRCUIT 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
(Rafer to timing diagram) 



Pulse 
Generator 



>16 



Clock at 100 kHz 
Pulse Width - 300 ns 



C 
E 

AO 
A1 
A2 
A3 
A4 
A5 



'out 



Power 

Supply 



Notes: 

1 . Sourca currant, address ROM to obtain a "1 
on all four outputs (B0 thru S3! 

2. Sink currant, address ROM to obtain a "0" 
on all four outputs {BO thru B3). 




Note: 

Address ROM to obtain level change whan 
clocking any ona address line. 
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MEMORY READ CYCLE TIMING DIAGRAMS 



■) Using Clock to 



Address Valid 
(Address mutt be fixed) 




««I A -J P= =£.«h(A) 



'0% \ f in 



Vso% 




-Enable pulM not required 

i thii diagram to rami memory 



V H 



Output! remain re»t 
y if clock it high 



b> Using thaEnabla 
to RmcI Memory 



Addraaa 

Input 



'TLH 



Don't Car a 

////////////////. 



Vol 



'Data outputs always go to tha logic "1" stata before 

between accessing successive "0*s" 
'Outputs forced to "0" by Enable. 



the dete is velid 



Address Valid 





1- <NL 










Clock J 


t WH „\ 












Input 




1 










t 


* •sulci) ■> 


«h(cl) 









Enable 

Input 



Data oata 

Outputs Valid 



■•ccEn 



1 J* - Acca*s"1" 



• In this mode of operation, tha negative going edge of Enable f Th. data outputs are valid without tha logic "1" puisr 
I clot* negative edge. during tha access cycle as shown In a) above. 



CUSTOM PROGRAMMING 

By the programming of a single photomask for the MCM14S24. 
e customer may specify the content of the 



Address Inputs: 

Words are numbered through 255 and are addressed using 
sequential addressing of Address leads AO through A7 with AO 
as the least significant digit. 

Logic "0" is defined as a "low" Address input (V|i_). 
Logic "1" is defined as a "high" Address input (V| H ) 



~~~~-^ADDRESS 
WORD 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


Word 


























Word 1 























1 


Word 2 




















1 





Word 3 




















1 


1 




1 


1 


i 


1 


1 


1 


1 


1 
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TRUTH TABLE 



CLOCK 


ENABLE 


BO 


B1 


B2 


B3 


v D d — ^- v ss 


1 


<Addr.»> 


<Addra.> 


< Addraat> 




vss _/~ V °° 


1 


OUTPU1 
LATC 


DATA 
HES 




X 







° 







X - Don't Car. 



* stated ebova. 



Two methods may be used to transmit the custom memory 
n to Motorola. 



METHOD A: PUNCHED COMPUTER CARDS 



A binary coded decimal equivalent of each desired output may 
be punched in standard computer cards (four cards are required 
for all 256 words) in numerical (word number) order. 64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table. Columns 77 and 78 are used 
to number the cards, which must be in numerical order. Please 
use characters as shown in the table when punching computer cards. 




BINARY TO HEXA- 


DECIMAL CON- 


VERSION TABLE 


BINARY 




WORD 


CARD 


DESIRED 


CHARACTER 








1 


1 


10 


2 


11 


3 


10 


4 


10 1 


5 


110 


6 


111 


7 


10 


8 


10 1 


9 


10 10 


A 


10 11 


B 


110 


C 




D 


! 


E 


1 1 1 1 


F 



ROM SAMPLE WORD PROGRAMMING FOR PUNCHEO CARD 



WORD 
NUMBER 



ADDRESS INPUTS 







SAMPLE WORD 
OUTPUTS 



• tin 



WORD NUMBER 

ISllflllNnilllNNVIIBUHAUl'II 31 <0 • 



CARD 
CHARACTER 



F 



- 



| Shown in column! 
> 12-15 on card 
| b.low 



Card 
No 



1 



I u it n «s «i 4i i) » ii i 



n; n r. r r n r r r. r. n r> P c. n r. r. r r r r n r-ctr c r f r r r r r f r tffl r e. r n (■ <■ t f f r r r r r r r r r r r r r f 



\ 



in 

i t i t i l t l iaiilliiHniiiiMiiatinnii»Hiinna)iDiiirBaiiaa<iiiou«a«i'«Nuiii]uMuiijiHUiitiuiiwHutiyaniiit))Hnnii)i 
1 1 1 1 I 1 I 1 1 1 1 1 I 1 1 1 1 1 1 I 1 t I 1 1 I 1 1 1 t I I 1 1 1 1 1 1 I t I 1 1 1 1 I I 1 1 1 1 1 1 1 I 1 > 1 I 1 I 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 



2222222122112222222222222222222222222222222222222222222222222222222222222222 
333 J)3!33333||33!3 33333) J3333J33333333J33333331333333333333333333J3333333333 
444444444444444444444444444444444444444444444444444444444444444444 
SS5 55 55 5 5 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 55 5 55 5 5 5 55 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5 b 5 5 5 5 5 5 5 5 
S tt ICStlt St 6(16 6S.SC 666 66 6666S66666S6 6 6 6 6 6 8 6 6 SS6SS6 ( 6 6 6 6 6 6 6 6 6SS666S666E 6 6 t 66 
777777777777777777777777777777777777777777777777777 7 7 7 7 7 7 7 7 7 7 7 77777777 J 7 7 7 7 7 

iiiiiiinsiiiiiiii it i it ii it 1 1 ii it i iiiiiiiiiiiii i iii iiiiiiiiiiii it mi i nun 



mm 

i » 1 1 - - 



immm 

il ii a ii ii ii a n 



9999999 

a a ii a n u a 



99999 999 999 9999999 999 99 99 99 9999999 99 99999 

a ii a a a <i oua nan aa a n u nana si a a a u « u I. u all m a n una it * 
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METHOD B: TRUTH TABLE 



For customers who do not have access to punch cards, Motorola 
will accept Truth Tables. When filling out the table, use the to F 
hexidecimel character in column "C". 



CUSTOM PROGRAM for the MCM14S24 Read Only Memory 



WORD 


c 




WORD 


c 




WORD 


c 




WORD 


c 




WORD 


C 









51 






102 






153 






204 




1 






52 






103 






154 






205 




2 






53 






104 






155 






206 




3 






54 






105 






156 






207 




4 






55 






106 






157 






208 




5 






56 






107 






158 






209 




6 






57 






108 






159 






210 




7 






58 






109 






160 






211 




8 






59 






110 






161 






212 




9 






60 






111 






162 






213 




10 






61 






112 






163 






214 




11 






62 






113 






164 






215 




12 






63 






114 






166 






216 




13 






64 






116 






166 






217 




14 






65 






116 






167 






218 




15 






66 






117 






168 






219 




16 






67 






118 






169 






220 




17 






68 






119 






170 






221 




18 






69 






120 






1 71 






222 




19 






70 






121 






172 






223 




20 






71 






122 






173 






224 




21 






72 






123 






174 






226 




22 






73 






124 






176 






226 




23 






74 






125 






176 






227 




24 






75 






126 






177 






228 




25 






76 






127 






178 






229 




26 






77 






128 






179 






230 




27 






78 






129 






180 






231 




28 






79 






130 






181 






232 




29 






80 






131 






182 






233 




30 






81 






132 






183 






234 




31 






82 






133 






184 






235 




32 






83 






134 






185 






236 




33 






84 






135 






186 






237 




34 






85 






136 






187 






238 




36 






86 






137 






188 






239 




36 






87 






138 






189 






240 




37 






88 






139 






190 






241 




38 






89 






140 






191 






242 




39 






90 






141 






192 






243 




40 






91 






142 






193 






244 




41 






92 






143 






194 






246 




42 






93 






144 






195 






246 




43 






94 






146 






196 






247 




44 






95 






146 






197 






248 




45 






96 






147 






198 






249 




46 






97 






148 






199 






250 




47 






98 






149 






200 






251 




48 






99 






150 






201 






262 




49 






100 






151 






202 






253 




50 




If IIHII 


101 












203 






254 






















I 




255 | 
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The MCM14537 is a static random access memory (RAM) organ- 
ized in a 256 x 1 -bit pattern and constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. The circuit consists of ei ght a ddress inputs (A n ), one data 
input (Di n ), one wr ite en able input (WE), one strobe input (ST), two 
chip enable inputs (CE n ), and one data output (D out ). 

Using both chip enable inputs as extensions of the address inputs, 
a 10-bit address scheme may be employed. Four MCM14537 devices 
may be used to comprise a 1024-bit memory without additional 
address decoding. The CE and ST inputs are dissimilary designed to 
enable usage of the memory in a variety of applications. An output 
latch is provided on the chip for storing the data read or written into 
memory, making a data-out storage register unnecessary. The CE 
inputs control the data output for third-state (high output imped- 
ance) or active operation wh ich m akes the memory very useful in a 
bus oriented system. When CE2 is high the chip is fully disabled. 
When CE1 is high the output is in the third state but data can be 
written into the output latch during a read cy cle. T his enables the 
use of the memory for fast reading by using the CE1 input to enable 
the latch. The memory is also designed so that c 



the memory with no i 
ST lines. 

Medium speed operation and micropower operation make the 
device useful in scratch pad and buffer applications where micro- 
power or battery operation and high noise immunity are i 

• Quiescent Current = 0.5 uA/package typical @ 5 Vdc 

• Noise Immunity = 45% of V DD typical 

• 3 state Output Capability for Memory Expansion 

• Output Data Latch Eliminates Need for Storage Buffer 

• Access Time - 700 ns typical @> Vqq = 10 Vdc 

• Fully Decoded and Buffered 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Drivirlg Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 



ature Range 











MAXIMUM RATINGS (Voltages referenced to V ss l 



Rating 



DC Supply Voltage 



Input Voltage. All Inputs 



DC Current Drain per Pin 



Operating Temperature Range - AL Device 
CL/CP Device 



Storage Temperature Range 



Symbol 



VDD 



Vin 



T stg 



-0.5 to +18 



-0 5 to Vpp ♦ 0.5 



10 



-55 to +125 
-40 to +85 



-65 to +150 



°C 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 



256-BIT (256 x 1) STATIC 
RANDOM ACCESS MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 



MCM1 4XXX __ 



Suffix Denote* 

Ceramic Package 



■ A Extended Operating 
Temperature Range 

• C Limited Operating 
Temperature Range 



PIN ASSIGNMENT 




This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vj n and V out be 
constrained to the range V ss < (V in or 

W<Vdd- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or v OD* 
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ELECTRICAL CHARACTERISTICS 







V DD 


Tie 


w* 


25°C 






C h a r ac ttr ist ic 


Symbol 


Vdc 


Min 


Max 


Min 


Typ 


M *" — 


— Mi" 


Max 


Unit 


uuipui vol ict ye w i-v *ei 


V 0L 


5.0 




05 


- 





0.05 


- 


0.05 


Vdc 


V:« Vnn or 




10 




0.05 


- 





0.05 


- 


0.05 








15 




0.05 


- 





0.05 


- 


0.05 


— 


"1 " Level 


v OH 


5.0 


i — 

4.95 




4.95 


5.0 


- 


4 95 


- 


Vdc 


V in u or vdd 






9.95 




9.95 


10 


- 


9.95 


- 








15 


1495 




14.95 


15 




14.95 






Noise immunity J* 


— 

V NL 





' ' 














Vdc 


1 v out *■ u o vac ' 




5 






1.5 


2.25 




1.4 


— 




(i,V out < 1 .0 Vdc) 




10 


3.0 




3.0 


4.50 




2.9 






t*V out < 1.5 Vdc) 




15 


4.5 




4.5 


6.75 


- 


4.4 






(.\V 0ut < 0.8 Vdc) 


v NH 


5.0 


1 .4 




1.5 


2.25 


— 


1.5 


- 


Vdc 


( v oul < 1 .0 Vdc) 




10 


2.9 




3.0 


4.50 


. - 


3.0 


- 




( \V out *= 1 .5 Vdc) 




15 


4.4 




4.5 


6.7? 


- 


4.5 


- 




Output Drive Current (AL Device! 


'OH 


















mAdc 


(Vqh = 2.5 Vdc) Source 




5 


-1 .2 




-1.0 


-1.7 


- 


-0.7 


- 




(Vqh = 4 -6 Vdc ' 




5.0 


-0.25 




-0.2 


-0.36 




-0.14 






(Vqh = 9 5 Vd «* 




10 


-0.62 
















(V H = '3-5 Vdc) 




15 


-18 




-1.5 


-3.5 




-1.1 






(V OL = 0.4Vdc) Sink 


'OL 


5.0 


0.64 


_ 


0.51 


0.88 




0.36 




mAdc 


(v l = 0-5 vdc) 




10 


16 


- 


1.3 


2.25 




0.9 






(Vql = i s Vdc) 




15 


4 2 




3.4 


8.8 




2.4 


_ 




Output Drive Current (CL/CP Device) 


'OH 


















mAdc 


(Vqh = 2-5 Vdc) Source 




5.0 


-1.0 


- 


-0.8 


-1.7 




-0.6 






(V OH * 4.6 Vdc) 




5.0 


-02 


- 


-0.16 


-0.36 




-0.12 






(V H = 9 5 Vdc) 




10 


-0.5 


- 


-0.4 


-0.9 




-0.3 






(Vqh * 13.5 Vdc) 




15 


-14 


— : 


-1.2 


-3.5 




-1.0 






(Vol = 04 Vdc ' Sink 


'OL 


5.0 


0.52 


- 


44 


0.88 




0.36 


- 


mAdc 


(Vql = 05 VdcJ 










1.1 


2.25 




0.9 






(Vol = 15 Vdc > 






3.6 


■ 


3.0 


8.8 




2.4 






Input Current (AL Device) 


'in 


15 


- 


' 1 




•0 00001 


■ 1 




±10 


^Adc 


Input Current (CL/CP Device) 


'in 


15 




±1.0 




»0 00001 


tl.O 




±14 


m Adc 




r 

*-in 










5.0 


7.6 








(V jn ■ 0) 






















Quiescent Current (At- Device) 




5.0 




100 




0.5 


100 


- 


1800 


Adc 


'DD 








(Per Package) 




10 




200 




1.0 


200 




3600 








15 




400 




1.5 


400 




7200 




Quiescent Current (CL/CP Device) 


'DD 


5 




100 




0.5 


100 




1800 


uAdc 


(Per Package) 




10 




200 




1.0 


200 




3600 








15 




400 




1.5 


400 




7200 




Total Supply Current'*t 
(Dynamic plus Quiescent. 


IT 


5 
10 






l T - (1.46 u A/kHz) f t |qq 
l T " 12 91 uA/kHz) f ♦ l DD 






MAdc 


Per Package) 




15 






l T - (4.37 uA/kHzl f t lDD 








(C[_ = 50 pF on all outputs, all 






















buffers switching) 






















Three-State Leakage Current 


'TL 


15 




10 1 




•0 00001 


• 0.1 




±3.0 


MAdc 


(AL Device) 










































Three-State Leakage Current 


'TL 


15 




110 




•0 00001 


11.0 




*7.5 


MAdc 


(CL/CP Device) 























■Tiow ■ -55°C for AL Device. -40°C for CL/CP Device. 
Thigh ■ *12&°C for AL Device. *85°C for CL/CP Device. 
"Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level = 1.0 Vdc min @ Vqq • 5.0 Vdc 

2.0 Vdc min S> V DD -10 Vdc 
2.5 Vdc min @ V DD » 15 Vdc 
t To calculate total supply current at loads other than 50 pF: 
l T (C L ) 1 l T (S0pFI ♦ 1 x 10-3 IC L -501 V D0 f 
where: It is in uA (per package), C|_ in pF, V D0 in Vdc. and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS' (C L - 50 pF, T A - 25°C> 



Characteristic 


Figure. 


Symbol 


V DD 


Min 


Typ 


Max 


Unit 


Output Rise Time 


3 


<TLH 










ns 


tTLH " (3 ni/pF) Cl + 30 nt 






5.0 


_ 


180 


360 




«TLH " C-5 n«/pF) Cl + 15 nt 






10 


_ 


90 


180 




tTLH " nt/pF) Cl + 10 m 






15 


- 


65 


130 




Output Fall Time 


3 


tTHL 










ns 


THL " I1- s nt/pF) Cl + 25 nt 






5.0 


_ 


100 


200 




tTHL " <°-75 ns/pF) Cl + 12.5 nt 






10 


- 


50 


100 




THL " 10.66 nt/pF) Cl + 9 5 nt 






16 


- 


40 


80 




Read Accett Time from ST or C"e*2 


4.S 


•acc(R) 










ns 


•tec ' (1 * nt/pFI C L + 2480 nt 




5.0 


400 


2500 


6000 




<acc " 10-7 nt/pF) C L + 690 nt 






10 


150 


700 


2000 




*ecc * ICS nt/pF) Cl + 393 nt 






15 


115 


400 


1500 




Output Enable Delay from CT1 or £"E2 


6,6 


'acc(CE~ n l 


5.0 


70 


300 


900 


ns 






10 


25 


100 


300 










15 


20 


70 


226 




Setup Time from A n to ST or CE2 


4. 5, 6. 7 


'su(A) 


5.0 


1800 


600 


- 


ns 








10 


600 


200 


— 










15 


450 


140 


- 




Hold Time from A n to ST or CE2 


4.5.6.7 


<h(A) 


5.0 


600 


200 


- 


ns 








10 


240 


80 


- 










15 


180 


55 


- 




Data Hold Time 


7 


«h(DI 


5.0 


1400 


480 


- 


ns 








10 


500 


160 


— 










15 


375 


110 


- 




Date Setup Time 


7 


<su(D) 


5.0 


3600 


1200 


- 


ns 








10 


1800 


600 


— 










15 


1350 


420 


- 




Write Enable Hold Time 


7 


<h(WE) 


5.0 


150 


50 


_ 


ns 








10 


60 


20 


_ 










15 


45 


15 


- 




Write Enable Setup Time 


7 


•sulWEI 


5 


720 


240 


_ 


ns 








10 


240 


80 












15 


180 


55 


_ 




Write Enable to D out Ditable" 


4 


'WE 


6.0 


720 


240 


_ 


ns 






10 


240 


80 


- 










15 


180 


55 


_ 




Sl?5Be or Cl2 Pulse Width When Reading 


4,5,6 


'WL(R) 


5.0 


1350 


450 


_ 


ns 








10 


450 


150 


- 










15 


340 


100 







Strobe. CE1 or CE2 Pulte Width When Writing 


7 


*WL(W) 


5.0 


2400 


1200 


_ 


ns 






10 


1260 


600 


- 










15 


945 


420 






Write Recovery Time 


4 


<R(WI 










ns 


tyy - {1.4 nt/pFI Cl + 219 nt 






5.0 


70 


240 


720 




tyy - (0.7 nt/pFI C L + 70 nt 






10 


25 


80 


240 




tyy - (0.5 nt/pFI Cl +47.5 nt 






15 


20 


55 


180 




CF.1 or CE2 to D ou , Disable Delay •• 


6 


««n 


5.0 


70 


300 


900 


ns 








10 


25 


100 


300 










15 


20 


70 


225 






Read Setup Time 


4.5 


«tu(R) 


5.0 





-100 




ns 








10 





-40 












15 





-30 






Read Hold Time 


4.5 


'h(R) 


5.0 


640 


180 




ns 






10 


240 


60 












15 


180 


45 






Read Cycle Time 


4.5 


»cyc(R) 


5.0 




2500 


6000 


ns 






10 




700 


2100 










15 




500 


1575 




Write Cycle Time 


7 


<cyc(W) 


5.0 




1400 


4800 


ns 






10 




700 


2100 










16 




500 


1575 





" The formulae given are for the typical characteristics only. 
*'10% output change into a 1 k fi load. 
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FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CURRENT CHARACTERISTICS TEST CIRCUIT 



Pulse 
Generator 
(Single Pulse) 



V D D- 



AO 




A1 




A2 




A3 




A4 




A5 




A6 


°out 


A7 




ST 




WE ■ 




CE 1 




CE2 




Din 




Input 


Output Source 
Characteristics 


Output Sink 
Characteristics 


WE 


Pulse Once 


Pulse Once 


Din 


SW1 in Position 1 


SW1 in Position 2 


"OS 


~ V DD 




v D s 


Vout " V D 


v out 



Pulse 
Generator 



Pulse 
Generator 

2 



FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 



500 M F ^ 



AO 




At 




A2 




A3 




A4 




AS 




A6 


Dout 


A7 




ST 




WE 




CE 1 




CE2 




°in 





-1- 0.01 M F 
Ceramic 



Pulse (AO) 
Generator 

1 



f 



Pul! 

Generator 

2 

Output (D out ) 

-o 



'- (ST) / \ / \_ 

rator * > > I 

\ 



FIGURE 3 — AC TEST CIRCUIT 



9 v DP 



Pulse 
Generator 

1 



A3 

A4 

AS 

A6 

A7 

ST 

WE 

CE1 

CE2 

D ln 



vss 
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FIGURE 4 - READ CYCLE WAVEFORMS UTILIZING STROBE-TO ACCESS MEMORY 



Address 

Inputs 
IA„) 



X 



Strobe 
(STI 



■su(A)- 



Write Enable 
(WEI 



-'WL(R)- 



- 'h(A) 



- 



Data Output '//^//ff/// 

' D OUt' 



© 



-'acc(R) 



-'h(RI 







90% 
50% 
10% 



»»| [■■ 'TLH, >THL 



NOTES 1 High impedance output state occurs when WE is maintained as a logical 
"0" (low level) . 

2 The output momentarily displays data from the previous state. 

3 For read operation, WE may be maintained at a logical "1" (high level) 

during the complete cycle. 

4 CE1 and CE2 are maintained at a logical "0" state (low level). 

5 All input rise and fall times are 20 ns. 

FIGURE 5 - READ CYCLE WAVEFORMS UTILIZING CE2 FOR ACCESS MEMORY 



• "ss 



■v ss 



v ss 



Inputs 



Chip Enable 2 
(CE2) 



Write_ 
(WE) 



Enable 



•«u(A) 
tWLIRII 



<acc(CE n >- 




mm 



NOTES 1 High Impedance output state occurs when CE1 or CE2 is maintained 
in the logical "1" state (high level). 

2 The output momentarily displays data from the previous state. 

3 For read operation. WE may be maintained at a logical "V (high level) 

during the complete cycle 

4 All input ■ ise and fall times are 20 ns. 

5 'WL(RI) >t acc (R) max 



-v DD 
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FIGURE 6 - READ CYCLE WAVEFORMS UTILIZING CE1 AND CE2 TO ACCESS MEMORY 



Address 
Inputs 
(A n l 



CE2 



CE1 



Data Output 
<D out > 




NOTES: . High impedance output state occurs when CE 1 or CE2 is maintained 
in the logical "1" state (high level). 

2 WE is maintained et the logical "1" state for this example. 

3 All input rise and fall times are 20 n» 

4 I delBv(CE2) minimum assuares that only data presently a 
will appear at the output. 

tdelaylCE^) min. = tacc R maK . " *acc,cfi, mjn 

5 "WLIR2) ^t de i ay (CE2) min * tacc <CE n ) max 



5 



Inputs 

<A„, 



«su(A) - 



Strobe or 
CE1 or CE2 
(ST, CE1.CE2) 



Write Enable 
(WEI 



Data Input 
(D|„) 



»L(W>- 



-f c yc(w)- 



<iu(WEI 



-'h(A)- 



r x 



-'h(WE) 



»su(D)- 



NOTES: 1 The Strobe. CE 1 and CE2 may be utilized to contro l a write cycle, 
however, during changes of address either strobe or CE2 must 
be in the logical "1" state (high level). 

2 Data input logic level is don't care during the indicated intervals. 

3 Data input logic level must remain fixed. 

4 Write Enable may be maintained as a logical ■■0" during the write cycle. 

5 All input rise and fall times are 20 ns. 



■ V DD 

■ v ss 

V DD 
" V D D 

• v ss 

■V H 

•vol 
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LOGIC/BLOCK DIAGRAM 



Din O- 
CET o- 

CE2 O- 



ST O- 



A7 CI- 
AS O- 
A5 O- 
A4 O— 



A3 O— 

A2 O- 

A1 O- 

AO O- 



r' 



t>- 

o 



3-State Enable 
{High Resistance Stata) 



1 of 16 
Decoder 



1 of 16 
Decoder 



I 



16x16x1 
Memory 
Array 



Set 






Output 


Q 


Latch 




Reset 





FUNCTION 


CE1 


CE2 


ST 


WE 


Din 


Dout 


COMMENTS 


Address changing 
valid 


X 


X 


1 


X 


X 


R/A 


D QLI i will be active if CE 1 and 

CE2 - "0" and WE = "1". 


X 


1 


X 


X 


X 


R 


CE2 « fully disables internal 
logic and Output. 


Address changing 
not valid 


X 








X 


X 


R/A 


Changing address in this mode 
may result in altered data. 


D out disabled in 


1 


X 


X 


X 


X 


R 


CE 1 = "1 " disables write cycle 
and D out . 


high resistance state 


X 


1 


X 


X 


X 


R 


The chip is fully disabled. 


X 


X 


X 





X 


R 


WE « "0" enables writing into 
memory if CE 1, CE2, and 
ST = "0". 


D out enabled in 














If ST = " 1 ". the output stores 


active state 








X 


1 


X 


A 


and reads the previous data 
from or written into memory. 


Read addressed 
memory location 
into output latch. 











1 


X 


A 


The output reads the present 
contents that are addressed. 


1 








1 


X 


R 


The addressed location is read 
into output latch with output in 
the "R" state. 


Disable reading 
from memory 


X 


1 


X 


X 


X 


R 


Address changing can take 


X 


X 


1 


X 


X 


R/A 


place in this condition. 


Write into memory 














A 


R 


D; n is written into memory 
and into the output latch 


Write disabled 


1 

X 
X 
X 


X 

1 

X 
X 


X 
X 

1 

X 


X 
X 
X 

1 


X X X X 


R 

R 
R/A 
R/A 


WE = "1" isa read enable. 
WE ■ "0" is a write enable. 



R = High resistance state at D out 
A = An active level of either V gs or V DO 
R/A = An R or A condition dependtng on the don't care condition 
X = Don't care condition (must be in thu "1" or "0" state) 
1 = A high level at V DD 
= A low level at V ss 
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TYPICAL APPLICATION FOB SERIAL WORDS UTILIZING BUS TECHNIQUES 



Address 
Register 



MCM14537 

CE1 



® 



1 ot n 
Decoder 



MCM14537 

CE1 C 



9 



MCM 14537 

CE1 O 



T word = *acc(ST) + ln ^ 1) 'acc'CED 
T word(tvp) = 3,8 Ms for a 32 - bit serial word at V DO = 10 V 



*n CE 
D 



— • 



Typical 1024 x 1 RAM Utili2in B Four MCM14537 



37 s. 



10-Bit 
Address 



CE2 D 



1 of 4 
Decoder 



CE2 D 



A„ 

£15 



A 


n 


CE2 


D 



Typical Low Povwr 1024 x 1 RAM Utilizing Four MCM14537's. 
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BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
for LIQUID CRYSTALS 



The MC14543B BCD-to-seven segment latch/decoder/driver is 
designed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir- 
cuit provides the functions of a 4-bit storage latch and an 8421 BCD- 
to-seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combination. The phase (Ph), 
blanking (Bl), and latch disable (LD) inputs are used to reverse the 
truth table phase, blank the display, and store a BCD code, respec- 
tively. For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input of the circuit and the electrically common backplane 
of the display, the outputs of the circuit are connected directly to 
the segments of the LC readout. For other types of readouts, such 
as light-emitting diode (LED), incandescent, gas discharge, and 



5.0nA/package typical @ 



this data 



fluorescent readouts, connection diagrams are given 
sheet. 

Applications include instrument (e.g., counter, DVM etc.) display 
driver, computer/calculator display driver, cockpit disp ay driver, 
and various clock, watch, and timer uses. 



• Logic Circuit Quiescent Current 
5Vdc 

• Latch Storage of Code 

• Blanking Input 

• Readout Blanking on All Illegal Input Combinations 

• Direct LED (Common Anode or Cathode) Driving Capability 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power 
Schottky TTL Load or Two HTL 
ature Range 

in Replacement for CD4056A (with Pin 7 Tied to Vss>- 





MAXIMUM RATINGS (Voltages referenced to V ss l 



MC14543B 



Rating 


Symbol 


Valua 


Unit 


DC Supply Voltage 


VDD 


-0.5 to +18 


Vdc 


Input Voltage, AH Inputs 


v,„ 


-0.5 to V OD + 0.5 


Vdc 


DC Current Drain per Pin 


1 


10 


mAdc 


Operating Temperature Range - AL Device 
CL/CP Device 


T A 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Ranee 


T stg 


-65 to +150 


°c 


Maximum Continuous Output Drive Current 
(Source or Sink) per Output 


'OHmax 
'OLmax 


10 


mAdc 


Maximum Continuous Output Power" 
(Source or Sink) per Output 


p OHmax 
p OLm«x 


70 


mW 


' p OHmax = 'OH IVqh - VdD> PQLmax " 'OL < v OL • V SS> 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOSI 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

for 

LIQUID CRYSTALS 











L SUFFIX P SUFFIX 

, CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB 


Suffix Denotes 

I — L Ceramic Package 
I — P Plastic Package 

A Extended Operating 

Temperature Range 
— - C Limited Operating 
Temperature Range 



TRUTH TABLE 



INPUTS 


OUTPUTS 


LD 


Bl 


Ph- 


D C B A 


a b c da f g 


Display 


X 


! 





X X X X 





Bl. nk 


















1 
10 
11 


1111110 
1 1 
110 110 1 
11110 1 




2 
3 
















10 
10 1 
110 
111 


110 11 
10 110 11 

10 11111 

11 1 


4 

5 
6 
7 
















10 
10 1 
10 10 
10 11 


1111111 

11110 11 




a 

9 

Blank 
Blank 
















110 
110 1 
1110 

1111 








Blank 
Blank 
Blank 
Blink 











X X X X 






t 




1 


f 


inverse o( Output 

Combinations 

Above 


Display 
as above 


X -■ Don't cars 

f - Above Combination! 

* - For liquid crystal readouti. apply a *qua>« wave to Ph. 

For common cathode LED readout!, salact Ph - O. 
For common anode LED raadout*. SaJaCi Ph - 1. 

* * - Dapands upon tha BCD coda previously appliad whan LD - 1 
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ELECTRICAL CHARACTERISTICS 









V D 


T. 

'k 




25°C 


T high" 




Characteristic 


Symbol 


Vdc 


Mm 


Max 


Mm 


Typ 


Ma* 


Min 


Ma* 


Unit 


Outpul Voltage 


•0" Level 


vol 


5 


- 


05 







0,05 




0.05 


Vdc 


V in = V DD 0' 






10 


- 


0.05 




o 


05 




05 








15 


- 


0.05 







0.05 




0.05 






"1" Level 


v h 


6.0 


4 95 




495 


5.0 




4 95 




Vdc 


V,n = or V DD 






10 


9.95 


- 


9.95 


10 




9.95 










15 


14 96 




14.95 


15 




14 95 






Input Voltage" 


"0" Level 


V(L 


















Vdc 


IV 4.5 or 5 Vdcl 






5.0 


- 


15 




2.25 


1 .5 




1 .5 




(V Q - 9.0 or 1.0 Vdcl 






10 




3.0 


_ 


4.50 


3.0 


_ 


3.0 




(V ■ 13.5 or 1.5 Vdcl 






15 


- 


4.0 


_ 


6 75 


4,0 


_ 


4.0 






"1" Level 


V|H 




















IV « 0.5 or 4.5 Vdcl 






5 


3 5 


- 


3 5 


2.75 




3 5 




Vdc 


(V ' 10 or 9.0 Vdcl 






10 


7.0 




7.0 


5 50 


- 


7.0 


- 




IV - 1.6 or 13.5 Vdcl 






15 


11.0 


- 


1 1.0 


8.25 




11.0 






Output Drive Current (AL Device} 


lOH 


















mAdc 


IVqh " 2 5 Vdcl 


Source 


6.0 


-3.0 




-2.4 


-4.2 




- 1 .7 






(Vqh " 4 6 Vdcl 
(V H " 5 Vdcl 
IV 0H =9.5 Vdcl 
IVqh * '3 5 Vdc) 






5.0 
10 
10 
15 


-0.64 

-1.6 
-4.2 


- 


-0.51 

-1.3 
-3.4 


-0.88 

10 1 

-2.25 
-8.8 


- 

_ 
- 


-0.36 

-0.9 
-2.4 


— 
- 




(V 0L =0.4 Vdcl 
(V 0L • 0.5 Vdcl 
(Vql = 9 5 Vdcl 


Sink 


'OL 


5 
10 


0.64 
1 .6 


- 


0.51 
1.3 


0.88 
2.25 
1 0. 1 


- 

— 


0.36 
0.9 


- 
- 


mAdc 


(V 0L ■ 1 .5 Vdc) 






15 


4.2 


- 


3.4 


8.8 




2.4 






Output Drive Current (CL/CP Device) 


'oh 


















mAdc 


lv 0H = 2.5 Vdc) 


Source 




5.0 


-2.5 


- 


-2.1 


4.2 




-1.7 






(V 0H =4.6 Vdc) 
[V OH =0.5 Vdc) 
IV 0H =9.5 Vdcl 
(Vqh = 13.5 Vdc) 






5.0 
10 
10 
15 


-0.52 
— 

- 1 .3 

— 3.6 


- 
— 


44 

— 1.1 
-3.0 


88 
10.1 
2 25 
8.8 


_ 


— 0.36 

9 
-2^4 


- 




(v l = 04 vdcl 
(v l = 0-5 vdc) 

(V OL -9-5 Vdc) 


Sink 


lOL 


5.0 
10 


0.52 
1 .3 


- 
- 


0.44 
1.1 


0.88 
2.25 
10.1 




0.36 
0.9 

— 


- 
- 


mAdc 


(v l * 15 vdc) 






15 


3.6 




3.0 


8.8 




2.4 






Input Current IAL Device) 


'in 


15 




i 1 




! 00001 


• 1 




' 1 


u Adc 


Input Current (CL/CP Devicel 


'in 


15 




: 3 




•-0 00001 


!03 




' 1 


pAdc 


Input Capacitance 




C,n 










5 


7 5 






PF 


<V in 0) 
























Quiescent Current (AL Device) 


'DD 


5 




5 




005 


5 




150 


MAdc 


(Per Package! 




10 
15 




10 
20 




0.010 


10 
20 




300 












0.015 




600 




Quiescent Current (CL/CP Device) 


'DO 


5 




20 




005 


20 




150 


«Adc 


(Per Package) 






10 
15 




40 
80 




010 


40 
80 




300 
600 












0.015 


1 1 




Total Supply Current* * t 
(Dynamic plus Quiescent, 


It 


50 
10 






l T (1.6 *j A/k Hzl 1 • Iqd 
l T 13.1 uA/kHz) 1 r l 0D 






» Adc 


Per Package) 






15 






l T 14,7 nA/kHzl ( i l D D 








(Cl 50 pF on all outputs, all 






















buffers switching) 























* T low -55°C for AL Device, -40°C lor CL/CP Device 
T h,gh " *125°C lor AL Device, *86°C (or CL/CP Device 
=Noise immunity spec-died for worst-case input combination. 
Noise Margin for both "1" and "0" level - 1.0 Vdc min (5> V D o * 5.0 Vdc 

2.0 Vdc min @> Vqq - 10 Vdc 
2.5 Vdc min @ Vqq -15 Vdc 
t To calculate total supply current at loads other than 50 pF 
l T (C L ) ' l T (50pFI ♦ 3.5 » 10-3 IC L -501 V D0 f 
where: lj is in uA (per package), Cl in pF, Vqq in Vdc, and f in kHz is input frequency 
•"The formulas given are for the typical characteristics only at 25°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric 
fields: however, it is advised that normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that 
V jn and V out be constrained to the range Vgg ^ (Vj n or V out ) ^ Vqq. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgs or Vqq). 
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SWITCHING CHARACTERISTICS* <C L - 50 pF. T A - 25°CI 



Characteristic 


Symbol 


V DD 


Min 


Typ 


Max 


Unit 


Output Rise Time 

'TLH " (3-0 ns/pF) Cl + 30 ns 
«TLH " US ns/pF) Cl + 15 ns 
tfLH- 11.1 ns/pF|C L + 10 ns 




■TLH 


5.0 
10 
15 


i 


100 
50 
40 


200 
100 
80 


ns 


Output Fall Time 

'THL = " 5 ns/pF) Cl + 25 ns 
<THL " 10.75 ns/pF) C L + 12.5 ns 
'THL " 10.55 ns/pF) C L + 12.5 ns 





'THL 


5.0 
10 
15 





100 
50 
40 


200 
100 
80 


ns 


Turn-Off Delav Time 

'PLH =11-7 ns/pFI Cl + 520 ns 
tpLH = (0.66 ns/pF) Cl + 217 ns 
tpLH = (0.5 ns/pF) C L + 160 ns 


'PLH 


5.0 
10 
15 


1 


605 
250 
185 


1210 
500 
370 


ns 


Turn-On Delay Time 

'PHL = d -7 ns/pF | C L + 420 ns 
tpHL " (0 66 ns/pFI Cl + 172 ns 
tpHL = (°-5 ns/pF) C L + 130 ns 


'PHL 


5.0 
10 
15 




505 
205 
155 


1650 
660 
495 


ns 


Setup Time 


Uu 


5.0 
10 
15 







-40 

-15 
-10 




ns 


Hold Time 


'h 


5.0 
10 
15 


80 
30 
20 


40 

15 
10 




ns 


Latch Disable Pulse Width (Strobing Datal 




'WH 


5.0 
10 
15 


250 
100 
80 


125 
50 
40 




ns 



* The formulae given are for the typical characteristics only. 



LOGIC DIAGRAM 



V DD . Pin 16 



A5 °-D>°- 

B 3o-[>>- 

C 2 0— £>o- 

- 

D4 H> 
-° 1& -L>°- 




t::f> 



f C>CH>- 



Phase 6 



c— (>[>J 



9 a 

10 b 

11 c 

12 d 

13 e 
15 f 

14 9 
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■ 




3 - DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS 



Inputs Bl and Ph low. and Inputs D and LD high, 
f in respect to a system clock. 



A, B, and C 




Any Output 



FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(a) Inputs D, Ph, and Bl low. and Inputs A, B, and LD htgh. 



20 ns U — 20 n« -»| — — 

tPHL— I h — 'PLH— 1 h- 



—J l— t THL t TLH — ' C 



Vdo 

• v ss 

-VOH 

■vol 



-«THL «TLH - 

(bl Inputs D. Ph, and Bl low. and Inputs A and B high, 
t— 20 ni 




(c) Data DCBA strobed into latches 
- 



LO 



<WH \- 



- 



2-156 



MC14543B 



CONNECTIONS TO VARIOUS DISPLAY READOUTS 



MC14S43B 

Output 
Ph 



LIQUID CRYSTAL (LCI READOUT 

One of Seven ! 



A 



/ 



/7777m 



Common 
Backplane 

/ 



LIGHT EMITTING DIODE 



Common 
Cathode LED 



(LED) 







MC14543B 

Output 



- v ss 



3 VvV- 










[ 










— 


_ 




Note: Bipolar transistors may be added for gain (for V DD <10V or l out ^ 10 mA). 



FLUORESCENT 



MC14543B 

Output 



T 



READOUT 




Filament 
Supply 



V SS <•' 
voltage 



VSS 




INCANDESCENT READOUT 



Appropriate 
Voltage 




GAS DISCHARGE READOUT 




PIN ASSIGNMENT 



CONNECTIONS TO SEGMENTS 



LD 
C 
8 
D 



V DD 
f 

9 



Ph 
Bl 



V SS 

I 

























1 
1 


D 
(_ 


3 


H 


5 


6 


i 


8 


3 



01 23 456 789 
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BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
for LIQUID CRYSTALS 

The MC14544B BCD -to seven segment latch/decoder/driver is 
designed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir- 
cuit provides the functions of a 4-bit storage latch and an 8421 BCD- 
to seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combination. The phase (Ph), 
blanking (Bl), and latch disable (LD) inputs are used to reverse the 
truth table phase, blank the display, and store a BCD code, respec- 
tively. For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input of the circuit and the electrically common backplane 
of the display. The outputs of the circuit are connected directly to 
the segments of the LC readout. The Ripple Blanking Input (RBI) 
and the Ripple Blanking Output (RBO) can be used to suppress 
either leading or trailing zeroes. 

For other types of readouts, such as light-emitting diode (LED), 
incandescent, gas discharge, and fluorescent readouts, connection 
diagrams are given on this data sheet. 

Applications include instrument (e.g., counter, DVM etc.) display 
driver, computer/calculator display driver, cockpit display driver, 
and various clock, watch, and timer uses. 

Current = 5.0nA/package typical @ 



Logic Circuit Quiescent 
5 Vdc 

Latch Storage of Code 
Blanking Input 

Readout Blanking on All Illegal Input Combinations 

Direct LED (Common Anode or Cathode) Driving Capability 

Supply Voltage Range - 3.0 Vdc to 18 Vdc 

Capability for Suppression of Non-significant zero 

Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 



MAXIMUM RATINGS (Voltages referenced to V ss l 


Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0.5 to +18 


Vdc 


Input Voltage, All Inputs 


V|n 


-0.5 to Vqd + 5 


Vdc 


DC Current Drain per Pin 


1 


10 


mAdc 


Operating Temperature Range - AL Device 
CL/CP Device 


T A 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Ranee 


T stg 


-65 to +150 


°c 


Maximum Continuous Output Drive Current 
(Source or Sink) per Output 


'OHmax 
'OLmax 


10 


mAdc 


Maximum Continuous Output Power" 
(Source or Sink) per Output 


p OHmax 
p OLmax 


70 


mW 


•POHmax = 'OH ( v OH - V ol ""d PQLmax ' 'OL < V L - V SS> 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOSI 

BCD TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 
WITH RIPPLE BLANKING 




L SUFFIX 

CERAMIC PACKAGE 
CASE 726 



P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



MC14XXXB Suffix Denotes 



tL Ceri 
P Plas 



Ceramic Package 
tic Package 
A Extended Operating 
Temperature Range 
C Limited Operating 
Temperature Range 



PIN ASSIGNMENT 




ft 



mmmmm 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; ho waver, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that V m and 
V out be constrained to the range Vss < 
<V in or V out K V D0 . 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vgsor V DD i. 
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ELECTRICAL CHARACTERISTICS 







v D d 


T|ov»* 


25°C 


T high" 




Characteristic 


Symbol 


Vdc 


Min 


Mix 


Min 


Tvp 


Max 


Min 


Mex 


Unit 


Output Voltage "0" Level 


V 0L 


5.0 


- 


05 


- 





005 


- 


005 


Vdc 


V in " Von or 

in u\j 




10 


- 


0.05 


- 





0.05 




0.05 








IS 


- 


0.06 


- 





0.05 


- 


05 




"1" Level 


v OH 


5.0 


4.95 




4.95 


so 




4.95 


_ 


Vdc 


v in = Oor Vqd 




10 


9.95 




9.95 


10 




9.95 










15 


14.95 




14.95 


15 




14.95 






Input Voltage* "0" Level 


V IL 


















Vdc 


IV - 4.5 or 0.5 Vdc) 




50 




1 .5 




2.25 


1 .5 




1 .5 




(V - 9.0 or 1.0 Vdc) 




10 




3.0 




4.50 


3.0 




3.0 




(Vq = 13.5 or 1 .5 Vdc) 




IS 




4 




6 75 


4.0 




4.0 




"1" Level 


V| H 




















(V = 0.5 or 4.5 Vdcl 




5.0 


3 5 




3.5 


2.75 




3.5 




Vdc 


(Vq ■ 1.0 or 9.0 Vdc) 




10 


7.0 




7 


5.50 




7.0 






IVo ■ 1 5 or 13.5 Vdcl 




15 


11.0 




11.0 


8.25 




11.0 


- 




Output Drive Current (AL Device) 


■OH 


















mAdc 


IVQu B 2£Vdcl Source 


5.0 


-3.0 


— 


-2.4 


-4.2 


— 


-1.7 


- 




IVqh -4 .6 Vdc) 




5.0 


— 0.64 


— 


-0.51 


-0.88 


— 


-0.36 


— 




(V H ■ 5 Vdc) 




10 




— 


— 


-10.1 


— 


— 


— 




(Vqh - 95 Vdc) 




10 


' 




— 1 .3 


-2.25 


— 


-0.9 


— 




(V H " 13.5 Vdcl 




15 


—4.2 




— 3.4 


— 8 8 




— 2 4 






(Vql * 0.4 Vdcl Sink 


lOL 


5.0 


0.64 




0.51 


88 




36 




mAdc 


(Vql " °-5 Vdcl 




10 


1 .6 


_ 


1.3 


2.25 


_ 


0.9 


_ 




(Vql * 9 -5 Vdc) 




10 


- 


- 




10.1 


- 


- 


- 




(Vol * ' -5 vdc) 




15 


4.2 




3.4 


8.8 


— 


2.4 


— 




Output Drive Current (CL/CP Device) 


'OH 


















mAdc 


IVnu _ o c w*4*ai Source 
UM ^ .D VdCJ 




5.0 


-2.5 


— 


-2.1 


4.2 


— 


-1.7 


- 




(Vqh * 4.6 Vdc) 




5.0 


-0.52 


- 


-0.44 


0.88 


- 


-0.36 


- 




(Vqh " 05 Vdc) 




10 




— 




10.1 










<V0H "95 Vdc) 




10 


— 1.3 




— 1.1 


2 25 




— 0.9 






(Vqh -13.5 Vdcl 




15 


-3.6 




- 3.0 


8.8 




-2'4 






(Vol " °.4 Vdc) Sink 


'OL 


5.0 


0.52 




0.44 


0.88 




36 




mAdc 


(Vql ■ °5 vdc) 


10 


1.3 


_ 


1.1 


2.25 




0.9 


_ 




(Vol "95 Vdc) 




10 


— 


— 




10.1 




— 


— 








15 


3.6 


- 


3.0 


8.8 




2.4 


- 




Input Current (AL Device) 


'in 


15 


- 


♦ 1 




1 00001 


- l 


_ 


i 1 


MAdc 


Input Current (CL/CP Device) 


•in 


15 


_ 


10.3 




10 00001 


!0 3 


_ 


i 1.0 


MAdc 


Input Capacitance 


Cin 


- 








50 


7 5 






pF 


(V in = 0) 






















Quiescent Current (AL Device) 


'DO 


5 




5 




0.005 


5 




150 


MAdc 


(Per Package) 


10 




10 




0.010 


10 




300 








15 




20 




0.01 5 


20 




600 




Quiescent Current (CL/CP Device) 


DD 


SO 




20 




0.005 


20 




150 


MAdc 


(Per Package) 




10 




40 




0.010 


40 




300 








15 




80 




0.015 


80 




600 




Total Supply Current"! 


It 


50 






l T = 11 .6 pA/kHzl 1 - l D0 






MAdc 


(Dynamic plus Quiescent, 




10 






l T = (3.1 uA/kHil 1 • I 0D 








Per Package) 




15 






l T « 14.7 uA/kHzl 1 ♦ IQD 








<C L = 50 pF on all outputs, all 






















buffers switching) 





















•Tlow " "55°C for AL Device. -40°C for CL/CP Device. 
Thigh " *'25°C for AL Device. +85°C for CL/CP Device. 
#NoiM immunity specified for worst case input combination. 
No.se Margin for both "1 " and "0" level - 1 .0 Vdc min «? V 0D - 5.0 Vdc 

2.0 Vdc min (5> v 00 - 10 Vdc 
2 .5 Vdc m in <s v D D = 1 5 Vdc 
t To calculate total supply current et loads other than 50 pF : 
l T (C L ) - lf(50pF) ♦ 3.5 x 10-3 (C L -50) V D0 f 
where: l T if in mA (per package) C L in pF. V 0D in Vdc, and f in km is input frequency. 
"The formulae given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* <C L - 50 pF,T A °2S°C) 



Characteristic 


Symbol 


VDD 


Min 


Typ 


Max 


Unit 


Output Rise Time 


»TLH 












ni 


tjLH - (3.0 ns/pF) C[_ + 30 ns 
*TLH " (1-5 ns/pF) C|_+ 15 ni 
tjLH " H J rn/pF) Cl+ 10 ns 






5.0 
10 
15 




100 
50 
40 


200 
100 
80 




Output Fatl Time 

tjHL* W ns/pFI C|_ + 25 ns 
<THL = < - 75 ns/pF) C L + 12.5 ns 


•THL 




5.0 
10 






100 
50 


200 
100 


ns 


'THL = l°- 55 ns/pFI C L + 12.6 ns 




15 






40 


80 




Turn-Off Delay Time 

<PLH " < 1 - 7 ns/pF) C L + 520 ns 
tpLH IU.dd ns/prj + *i i / ns 


»PLH 


5.0 
10 




605 
250 


1210 
500 


ns 


tpm = (0.5 ns/pF) Cl + 160 ns 




15 




185 


370 




Turn-On Delay Time 

tpHL = * 1 7 n «/P F ) Cl + 420 ns 
tpHL = < - 66 n*/pF) C|_ + 172 ns 
tpHL = * - 5 ns/pF) C|_ + 130 ns 


'PHL 


5.0 
10 




505 
205 


1650 
660 


ns 




15 




155 


495 




Setup Time 


tsu 


5.0 
10 
15 







-40 
-15 
-10 


- 


ns 


Hold T,me 


<h 


5.0 


80 




40 




ns 




10 
15 


30 
20 




15 
10 


_ 


Latch Disable Pulse Width (Strobing Data) 


<WH 




5.0 
10 
15 


250 
100 
80 




125 




ns 










50 
40 






* The formulae given are for the typical characteristics only. 


















-OGIC Dl 
Bl 


ftG 

7C 


RAM 












V DD » Pin 18 




4_ 










"** Phase 
8 RBO 
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1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 











Unn [ED \JAr 








•X - 


OmW 






























'DDT 


10 Vc 


c \ 


















\ 
















— r 








)-15 


Vbc 








\- 






vss 


»0V 


it 







-16 -12 -80 -4.0 

WOH VOO). SOURCE 0EVICE VOLTAGE (Vdc) 



FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS 





\ 










1 












— T- 
\ 








-«o 


j '* 
























V 
\ 


vr 


0=1 


gvdc 






















\ 
— * 
























_V 


•5.C 


Vdc 


_P( 
V 


— ^ 

Lma* 

SS'O 


= 70 mWdc . 
1 

Vdc 



0LTA6E IVdc) (Vol - Vssl. SINK OEVICE VOLTAGE IVdc) 



FIGURE 3 - DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS 



C 



FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(at Inputs O. Ph. and SI low, and Inputs A. 6. and LD high. 
20 nt — I U» — 20 nt - 



20nt-«j 1- — 20 nt qm— 



v DD 

Vss 



Inputs Bl and Ph low, and Inputs D and LD h 
f in respect to a system clock. 

All outputs connected to respective C L loads. 

-30 m 



y v oo 

^- v ss 



Any Output 




I. Ph, an, 
10% Tc 



Inputs D, Ph, and Bl low, and Inputs A and B high. 

>— 20 ns 

V DD 



VSS 

c 

VOH . 



g 




v S s 

VDD 

vss 

VOH 

vol 



LD 



let Data DCBA strobed into latches 
50% ■ 



'WH 



v 0D 
-vss 
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TYPICAL APPLICATIONS FOR RIPPLE BLANKING 
LEADING EDGE ZERO SUPPRESSION 




TTtTTtT 



9 

RBI RBO 
D C B A 



tttt 

MC14544B 



(0) 



TTTTTTT 



/ / 
/ / 



9 

RBI RBO 
D C B A 



TTTT 

MC14544B 

10 1 

■ 



TtTTTTT 



RBI RBO 
D C B A 



TTTT 

MC14S44B 



(0) 



TTFtTTf 



« 9 
RBI RBO 
D C 



TtTTtTT 



a 9 

RBI RBO- 
D C B A 



TTTT TTTT 

MC14544B MC14544B 

1 1 1 

111 (3) 



TRAILING EDGE ZERO 



TTTTTT T 



/ / 
/ / 



RBO RBI 
D C B A 



TTTT 

10 1 

(Bl 



TTTTTtT 



RBO RBI 
D C B A 



TTTT 



TtTTTtT 



RBO RBI 

O C 



TTTT 



TtTtTtT 





(01 



1 

(II 



RBO RBI 
^0 C B A 

TTTT 

11 

(31 



TtTtTtT 



RBO RBI 
D C 8 A 



TTTT 

MC14S44B 





TtTtTtT 



RBO RBI 
D C B A 



TTTT 

MC14544B 





Connect to 



MC14544B 




IONS TO VARIOUS DISPLAY READOUTS 



LIQUID CRYSTAL (LC) READOUT 
One of Seven Segments 



Common 
Backplene 

/ 




I 




MC14544B 




Output 




Ph 





Note: Bipolar transistors may be added for gain (for V d d ^10V or l out ^ 10 mA). 



FLUORESCENT 



READOUT 




V SS ° r appropriate 
voltage below V ss . 



INCANDESCENT READOUT 



Appropriate 
Voltage 



MC14544B 

Output 

Ph' 



I 



=t v ss 



GAS DISCHARGE READOUT 



Appropriate 
Voltage 



• O 



MC14544B 




Output 




Ph 





T 



i v ss 



TRUTH TABLE 



INPUTS 


OUTPUTS 


RBI 


LD 


ai 


Ph 


D 


c 


e 


A 


RBO 




b 


c d 


e 


f 


y 


DISPLAY 


X 




1 





X 




X 
























Blank 


1 










































Blank 






























1 


1 1 


1 


1 








X 



















: 








1 


1 











1 


X 
















1 












1 









2 


X 
















1 







1 


1 


1 1 










3 


X 













1 














1 


1 





1 




4 


X 























1 





1 1 









5 


X 




























1 ': 


1 


1 


1 


6 


X 













1 


1 


1 





1 




1 











7 


X 










1 
















1 




1 


1 


1 


8 


X 










1 








1 





1 


1 


1 1 





1 


t 


9 


X 









































Blank 


X 










1 





1 

























Blank 

























e 

















Blank 


X 










1 


1 





1 























Blank 


X 








































Blank 


X 







































Blank 


X 











X 




X 










t 


t 


' 


1 


I 


* 







X = Don't Care 

t = Above Combinations 

* = For liquid crystal readouts, apply a square wave to Ph. For 
common cathode LED readouts, select Ph = 0. For com- 
mon anode LED readouts, select Ph = 1 . 
* * = Depends upon the BCD Code previously applied when 
LD = 1. 
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BDC-TO-SEVEN SEGMENT DECODER/ DRIVER 

The MC14547 BCD-to-seven segment decoder/driver is constructed 
with complementary MOS (CMOS) enhancement mode devices and 
NPN bipolar output drivers in a single monolithic structure. The circuit 
provides the functions of an 8421 BCD-to-seven segment decoder with 
high output drive capability. Blanking (Bl), can be used to turn off or 
pulse modulate the brightness of the display. The MC14547 can drive 
seven-segment light-emitting diodes (LED), incandescent, fluorescent 
or gas discharge readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) display 
driver, computer/calculator display driver, cockpit display driver, and 
various clock, watch, and timer uses. 



• High Current Sourcing Outputs (Up to 65 mAl 

• Low Logic Circuit Power Dissipation 

• Supply Voltage Range = +3.0 V to +18 V 

• Blanking Input 

• Readout Blanking on All Illegal Combinations 

• Lamp Intensity Modulation Capability 

• Multiplexing Capability 

• Capable of Driving Two Low-Power TTL Loads, 

One Low-Power Schottky TTL Load or 

Two HTL Loads over the Rated Temperature Range 

• Use MC14511B for Applications Requiring Data Latches 



MAXIMUM RATINGS (Voltage referenced to V ss , Pin 8) 






Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


+ 18 to -0.5 


Vdc 


Input Voltage, All Inputs 


Vin 


Vdd t0 -°-5 


Vdc 


Operating Temperature Range MC14547BAL 
MC14547BCL/CP 


T A 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Maximum Continuous Output Drive Current 
(Source! per Output 


'OHmax 


65 


mA 


Maximum Continuous Power Dissipation 


p OHmax 


1200- 


mW 


*See power derating curve (Figure 1). 



This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. A destructive high current mode may occure if Vj n and V out is not 
constrained to the range Vgs < < Vj n or V out ) <V DD . 

Due to the sourcing capability of this circuit, damage can occur to the device if Vrjjo is 
applied, and the outputs are shorted to Vgs and are at a logical 1 (See Maximum 
Ratings). 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
v*SS or V DD>- 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

HIGH CURRENT 
BCDTO SEVEN SEGMENT 
DECODER/DRIVER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 

MC14XXX8 _ SufliK Denotes 

L Ceramic Package 

' P Plastic Package 

A Extended Operating 

Temperature Range 

C Limited Operating 

Temperature Range 




u 

d 



n 
u 


i 
i 


3 
L 


3 


H 


5 


u 


1 

1 


Ei 





TRUTH TABLE 



INPUTS 


OUTPUTS 


Bl 


D C B A 


a b c d e f g 


DISPLAY 





X X X X 





Blank 




OOOO 
1 

11 


1111110 







10 
10 1 
110 
111 


1 10 1 1 
10 110 11 

11111 

1 1 1 


4 

5 
6 
7 




10 


1111111 


8 




10 1 
10 10 
10 11 


1110 11 




9 

Blank 
Blank 




110 
110 1 
1110 

1111 








Blank 
Blank 
Blank 
Blank 



X = Don't care 
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ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


vdd 


T|ow* 


25°C 


Thigh* 


Unit 


Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 




Output Voltage 
V in = VQDOrO 


"0" Level 


VOL 


5.0 
10 
15 


- 


0.05 
0.05 
0.05 









0.05 
0.05 
0.05 




0.05 
0.05 
0.05 


Vdc 




"1" Le 


vel 




5.0 
10 
15 








4 6 




4 3 






V in = Oor Vdd 






VOH 


9.1 
14.1 


- 


9.4 
14 4 


9.6 
14.6 




9.3 
14.4 


- 


Vdc 




Input Voltage # 
(V = 3.8 or 0.5 Vdcl 
(V = 8.8 or 1.0 Vdcl 


"0" Level 


k 


5.0 
10 




1.5 
3.0 




2 25 
4 50 


15 

3.0 




1.5 

3.0 


Vdc 


(Vq = 13.8 or 1 .5 Vdcl 








15 




4.0 




6.75 


4.0 




4.0 




(Vo = 0.5 or 3.8 Vdcl 


"1" Level 




6.0 


3.5 




3.5 


2.75 




3.5 






(Vq = 1 .0 or 8.8 Vdcl 






V|H 


10 


7 




7 


5 50 




7 




Vdc 


(Vo = 1 .5 or 13.8 Vdcl 








15 


1 1 




11.0 


8.25 




1 1 .0 






Output Drive Voltage (AL Device) 


























"OH = 5.0 mAdc) 










4 




4.2 


4 3 




4.3 






















('OH = 10 mAdc) 
"OH = 20 mAdc) 








5.0 


3 8 




4 1 

3 9 


4 3 
4 2 




4.0 




Vdc 


"OH = 40 mAdc) 
"OH : 65 mAdc) 










3. 1 




3 7 
3.2 


4 
3.7 




3.0 






(lOH - 5.0 mAdcl 
(lOH = '0 mAdc) 
"OH = 20 mAdc) 




VOH 


10 


9.1 
~ 

8.8 




9.2 
9.1 
9.0 


9.3 
9.3 
9.2 




9.3 
~ 

9.2 




Vdc 


( lOH = 40 mAdc) 














8 9 


9 










"OH - 65 mAdc) 










8.4 




8.5 


8.8 




8.1 






"OH = 5.0 mAdc) 










14 


- 


14.2 


14,3 


- 


14.4 


- 




(lOH ■ 10 mAdc) 










- 


- 


14.1 


14,3 


- 


- 


- 




(lOH = 20 mAocI 










13.8 




14.0 


14.2 


— 


14.2 






(Iqh = 40 mAdcl 








15 






13.8 


14.0 








Vdc 


(lOH = 65 mAdcl 










13.5 




13.5 


13 7 


- 


13 3 






Output Drive Voltage ICL/CP Devicel 


























(lOH = 5 -0 mAdc) 


Source 






3.9 


- 


4.1 


4.3 


- 


4.2 


- 




(Iqh = 10 mAdc) 










- 


- 


4.0 


4.3 




— 




Vdc 








5.0 












(lOH = 20 mAdc) 








3.6 




3.8 


4.2 




3.9 




"OH = 40 mAdc) 










- 


3.5 


4.0 


- 




- 




(lOH = 65 mAdc) 










3.0 




3.0 


3.7 




2 9 






(lOH ■ 5 mAdc) 










8.9 




9.1 


9.3 




9.2 






dOH = 10 mAdcl 






VOH 






- 


9.0 


9.3 


- 




- 




(l H = 20 mAdc) 






10 


8.6 




8.8 


9.2 




9.0 




Vdc 


('OH = 40 mAdc) 














8.5 


9.0 


*** 




— 




(lOH 7 65 mAdcl 










8 




8 1 


8 8 




8 






dOH = 5.0 mAdc) 










13.9 




14 1 


14.3 




14.2 






('OH = 10 mAdcl 
('OH = 20 mAdcl 








15 


13.6 




-14.0 
13.8 


14.3 
14.2 




14.0 




Vdc 


('OH = 40 mAdc) 














13 5 


14.0 










('OH " 65 mAdcl 










13.0 




13.0 


13.7 




S 






Output Drive Current IAL Device) 


























IV 0L = 0.4 Vdc) Sink 
(V L = 0.5 Vdc) 




'OL 


5.0 
10 


0.32 
0.80 




0.26 
0.65 


0.44 
1.13 




0.18 
0.45 




mAdc 


(v L = i-S vdc) 








15 


2.1 




1.7 


4.4 




1 .2 






Output Drive Current (CL/CP Device) 
(Vql = 0.4 Vdc) 

(Vol = 0.5 vdc) 




Sink 




'OL 


5.0 
10 


0.26 
0.65 




0.22 
0.55 


0.44 
1.13 




0.18 
0.45 




mAdc 


(Vql = '5 vdc) 






15 


1.8 




1.5 


4 -i 




1.2 
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Characteristic 


Symbol 


vdd 

Vdc 


T|ow* 


25 °C 


Thi 




Unit 




Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Input Current (AL Device) 


lin 


15 




±0.1 




+ 0.00001 


+ 1 




±1.0 


/xAdc 


Input Current (CL/CP Device) 


'in 


15 




+ 0.3 




+ 00001 


±0.3 




±1.0 


I^Adc 


Input Capacitance (Vj n = 0) 


Cm 










50 


7 5 






pF 


Quiescent Current IAL Device) 
(Per Package) 


'DD 


5.0 




5 
10 
20 




005 
0.010 
015 


5 




150 


ixAdc 


Quiescent Current (CL/CP Device) 
(Per Package) 


'dd 


5.0 
10 
15 




20 
40 
80 




005 
0.010 
0.015 


20 
40 
80 




150 
300 
600 


/xAdc 


Total Supply Current**t 
(Dynamic plus Quiescent, 
Per Package) 

(Cl = 50 pF on all outputs, all 
buffers switching) 


It 


50 
10 
15 


IT = (1.9 nA/kHz> I + Iqo 
IT = (3.8 »iA/kHzl f + |Q D 
l T = (5.7,iA/kH2l 1 + Ipo 


/iAdc 



* T| OW = -55°C for AL Device, -40°C for CL/CP Device 

T high = + 1 25°C for AL Device, +85°C for CL/CP Device 
t Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level = 
10 Vdc min @ Vqq = 5.0 Vdc 
2.0 Vdc min @ Vq D = 10 Vdc 
2 5 Vdc min @ V DD = 15 Vdc 



t To calculate total supply current at loads other than 50 pF: 
IT (C L ) = l T (50 pF) + 3.5 x 10-3 (C L -50) V DD f 
where: \j is in /tA (per package), C[_ in pF, Vqq in Vdc, 
and f in kHz is input frequency. 
** The formulas given are for the typical 
characteristics only at 25°C. 



SWITCHING CHARACTERISTICS (C L = 50 pF, T A = 25°C) 



Characteristic 


Symbol 


vdd 

Vdc 


Min 


Typ 


Max 


Unit 


Output Rise Time 


1TLH 


50 
10 




40 
40 


80 
80 


ns 






15 




40 


80 








50 




125 


250 




Output Fall Time 


•THL 


10 
15 




75 
70 


150 
140 


ns 






5.0 




750 


1500 






'PLH 


10 




300 


600 


ns 


Data Propagation Delay Time 


15 




200 


400 






5.0 




750 


1500 






•PHL 


10 




300 


600 


ns 






15 




200 


400 








5.0 




750 


1500 






'PLH 


10 




300 


600 


ns 


Blank Propagation Delay Time 




15 




200 


400 








5.0 




500 


1000 






'PHL 


10 
15 




250 
170 


500 
340 


ns 
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LOGIC DIAGRAM 



Bl O 




FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 



3 2 600 
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MC14547B 




CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LED) READOUT 

v DD 



Common 
Cathode LED 



* 1 7 V 










I 

W 1 7 V 







INCANDESCENT READOUT 

V DD «OD 



LIGHT-EMITTING DIODE (LED) READOUT 
USING A ZENER DIODE TO REPLACE DROPPING RESISTORS 



n 1 — 

ud - 



L- 1 (— 



Vdd 



I--" 



GAS DISCHARGE READOUT 



Appropriate 
Voltage 




Common 
Cathode LED 



v S s 



■ v ss 



A filament pre-warm resistor is recommended to reduce filament * V2D should be set at Vqd ~ 1-3 V - Vleq. Wattage of zener 
thermal shock and increase the effective coid resistance of the diode must be calculated for number of segments and worst-case 

conditions. 



2-168 



® 



MOTOROLA 



MC14549B 
MC14559B 



ters 



SUCCESSIVE APPROXIMATION REGISTERS 

The MC14549B and MC14559B successive approximation regis- 

digital 



are 8-bit registers providing all 



regis 

ontrol and storage 

necessary for successive approximation analog-to-digital conversion 
systems. These parts differ in only one control input. The Master 
Reset (MR) on the MC14549B is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FF) of the 
MC14559B is used for register shortening where End of Conversion 
(EOC) is required after less than eight cycles. 

Applications for the MC14549B and MC14559B include analog- 
to-digital conversion, with serial and parallel outputs. 



Totally Synchronous Operation 
All Outputs Buffered 



• Single Supply Operation 

• Serial Output 

• Retriggerable 

• Compatible with a Variety of Digital and A 
the MC 1 408 8-B it D/A Converter 

• All Control Inputs Positive-Edge Triggered 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 



id Analog Systems such 



^ange 



MAXIMUM RATINGS (Vol 

Rating 



DC Supply Voltage 




































CMOS MSI 

' LOW POWF. R COMPLEMENTARY MOS) 

SUCCESSIVE APPROXIMATION 
REGISTERS 





■ 


L SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB i 


Suffix Denote! 




— L Ceramic Package 




1 — P Plastic Package 




A Extended Operating 




Temperature Range 




. C Limited Operating 




Temperature Range 



s referenced to V S sl 



Input Voltage. All Inputs 



DC Current Dram per Pin 



Operating Temperature Range - AL Device 
CL/CP Etevic. 



Storage Temperature Range 



_ 




Symbol 



'DP 



-0 5 to *18 



-0 5 to Vdd + 5 



-55 to H25 
-40 to »85 



-65 to -H50 




°C 



TRUTH TABLES 



sc 


SC(t-i) 


MR 


M R(t-i> 


Clock 


Action 




SC 


sc (t . 1) 


EOC 


Clock 


Action 


X 


X 


X 


X 




None 




X 


X 


X 




None 


X 


X 


1 


X 




Reset 




1 










Start 

Conversion 


1 













Start 

Con ver sio n 




X 


1 







Continue 
Conversion 


l 


X 





1 




Start 

Conversion 















Continue 
Conversion 


1 


1 










Continue 
Conversion 







X 


1 


_r 


Retain 

Conversion 

Result 





X 





X 




Continue 
Previous 
Operation 




1 


X 


1 




Start 

Conversion 



X - Don't Care 
t-1 = State at Previous Clock - 



PIN ASSIGNMENT 




For MC14549B Pin 10 is MR input 
For MC14559B Pin 10 is FF input 



iitry to protect 
the inputi against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vj n and V out be 
constrained to the range Vgg < (Vj n or 

W<v DD . 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or V DD> 
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ELECTRICAL CHARACTERISTICS 







v 00 

Vdc 


Tic 


m* 


25°C 


T h i~h- 




Characteristic 


Symbol 


Min 


Mas 


Min 


Tun 

' VP 


Max 


Min 


Max 


Unit 






Output Voltage "0' Level 


, 

vol 


5.0 




0.05 







0.05 




0.05 


Vdc 


V;„ V r\n or 
in * uu " 




10 
15 




0.05 
005 






n 

— : 




05 
05 














"1" Level 


v OH 


5 


4.95 




4.95 




5 


- 


4.95 


— 


Vdc 


Vj n or Vqq 




10 


9.95 




9.95 


10 




9.95 










1 5 


14.95 




14.95 


15 




14.95 






Input Voltage* "0" Level 


V IL 


5 














j 


Vdc 


(Vq - 4-5 or 0-5 Vdc) 






1 .5 




2.25 


l 






(Vq = 9.0 or i .0 Vdc) 




10 




3.0 




4 50 


3.0 




3.0 




IV " '3.5 or 1.5 Vdcl 




15 




4 




6.75 


4.0 




4 




"1" Level 






















(V - 0.5 or 4.5 Vdcl 




SO 


3 5 


_ 


3 5 


2.75 




3.5 




Vdc 


IV 1.0 or 9.0 Vdcl 




10 


7 


_ 


7 


5.50 


_ 


7 


_ 




<V0 ■ 15 or 13.5 Vdcl 




15 


11.0 


- 


1 1.0 


8.26 


_ 


11.0 


_ 




Output Drive Current (AL Device) 


'oh 


















mAdc 


(V H " 2.5 Vdcl Source 




5.0 


-1.2 


- 


1.0 


-1.7 


— 


-0.7 






'VOH " 4.6 Vdcl 










-0 2 


-0 36 




-0 14 






IVqh * 9 5 Vdcl 




10 


-0.62 




-0.5 


-09 




-0.35 






IV OH = 13.5 Vdcl 

(V OL - 0.4 Vdc) Sink 




15 


-IS 


- 


-1.5 


-3.5 




-1.1 






'OL 


5 


1.28 


_ 


1 .02 


1 .76 




72 




mAdc 


IV 0L - 0.5 Vdcl Q Outputs 




10 


3.2 


- 


2 6 


4.5 


- 


1.8 


- 




IV OL " I B Vdcl 




15 


84 


- 


6.8 


17.6 




4.8 


_ 




IVql » 0.4 Vdcl Sink 




5 


0.64 


_ 


0.51 


0.88 




0.36 






(Vol = 5 Vdcl Pin 5. 1 1 only 




5.0 


1.6 


_ 


1.3 


2.25 




0.9 






IV 0L - 1.5 Vdcl 




10 


4 2 


- 


3.4 


8.8 




2.4 


- 




Output Drive Current ICL/CP Device! 


'OH 


















mAdc 


(Vqh " 2 5 Vdcl Source 




5.0 


•1.0 


- 


-0.8 


-1.7 


- 


-0.6 


- 




(Vqh - 4.6 Vdcl 
IVqh " 9 5 Vdcl 
IV H " 13.5 Vdc) 




SO 
10 


-02 
-0 5 


- 
- 


-0.16 
-0.4 


-0.36 
-0.9 


- 

- 


-0.12 
-0.3 


- 
- 






15 


-14 


- 


-1.2 


-3.5 




-1.0 






IVql " 04 Vdc) Sink 


'OL 


5.0 


1 04 


- 


0.88 


1.76 


- 


0.72 


- 


mAdc 


(Vql " °-5 Vdcl Outputs 




10 


2.6 


- 


2.2 


4.5 




1.8 


: 




(Vql " 15 vocl 




15 


7.2 


— 


6.0 


17.6 




4 8 






(Vql " °-4 Vdc) Sink 




5.0 


0.52 


_ 


0.44 


0.88 




0.36 


- 




(Vql -0.5 Vdc) Pin 5. Ilonlv 




10 


1.3 


- 


1.1 


2.25 




0.9 


- 




ivql ■ ,s Vdc| 




15 


3.6 




3.0 


8.8 




2.4 






Input Current (AL Device) 


'in 


15 








•0 00001 


■ 1 




1 1 .0 




Input Current ICL/CP Devicel 


'in 


15 




± 3 




!0 00001 


!0 3 




J1 


MAdc 


Input Capacitance 


C,n 










5 


7.5 






pF 


IV in -0l 






















Quiescent Current (AL Device) 


'dd 


5.0 




5.0 




0.005 


5.0 




150 


ItAdc 


(Per Package) 


10 




10 




0.010 


10 




300 




(Clock - V ss 




15 




20 




0.015 


20 




600 




Quiescent Current (CL/CP Device) 


'dd 


5.0 




20 




0.005 


20 




150 


uAdc 










(Per Package) 


10 




40 




0.010 
0.015 


40 




300 
600 




(Clock - V ss 




15 




80 




80 






Tola! Supply Current" ' t 


it 


5 






l T - (0.8 „A/kHzl ( » | DD 






MAdc 


(Dynamic plus Quiescent. 
Per Package) 




10 
15 






'T ■ (1.6 MA/kHil 1 » l DD 
IT = 124 MA/kHzl f t l DD 




















(C(_ H 50 pf on all outputs, all 






















buffers switching) 























' T lo»v ■ -55°C lor AL Device. -40°C lor CL/CP Device 
Thigh - *'26°C loi AL Device. »85°C for CL/CP Oevice 
»-Noise immunity specilied lor worst case input combination 
Noise Margin lor both "V and "0" level = 1 Vdc min f^> Vqq = 5.0 Vdc 

2 Vdc min <a v D0 = 10 Vdc 
2 5 Vdc min & V DD = 15 Vdc 
1 To calculate total supply current at loads other than 50 pF 
l T (C L l l T (50pFI <2 » 10-3 IC L -501 V D0 I 
where: It is m fiA (per packagel. C|_ in pF. Vqq ' n Vdc, and f in kHz is input frequency. 
■ -The formulas given are for the typical characteristics only at 25°C 
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SWITCHING CHARACTERISTICS* <C L = 50 pF, T A - 25°C) 



Characteristic 


Symbol 


VDD 


Min 


Typ 


Max 


Unit 


Output Rise Time 


'TLH 










ns 


<TLH " (3.0 ns/pFI Cl + 30 ns 
'TLH " C- 5 ns/pF) C[_ + 15 ns 
tTLH-(1.1 ns/pFIC L +10ns 




5.0 
10 
15 


- 
— 


180 
90 
65 


360 
180 
130 




Output Fall Time 


'THL 










ns 


<THL = I'- 5 ns/pF) C|_ + 25 ns 




5.0 


- 


100 


200 




tTH|_ - (0.75 ns/pFI C L + 12.5 ns 




10 


- 


50 


100 




'THL " I - 55 ns/pF) Cl +9.5 ns 




15 


- 


40 


80 




Propagation Delay Time 
Clock toQ 

*PLH, tpHL • (1-7 ns/pFI Cl + 415 ns 


'PLH, 
'PHL 


5.0 


- 


500 


1000 


ns 


'PLH, tpHL " C- 66 ns/pF) Cl + 177 ns 




10 


- 


210 


420 




'PLH, 'PHL = (°-5 ns/pF) C L + 130 ns 




15 


- 


155 


310 




Clock to S out 

'PLH, <PHL * d- 7 ns/pF) Cl + 665 ns. 




5.0 




750 


1500 




'PLH, 'PHL = (°- 66 ns/pFI Cl + 277 ns 
»PLH, 'PHL * (°-5 ns/pF) Cl + 195 ns 




10 
15 


— 


310 
220 


620 
440 




Clock to EOC 














'PLH, 'PHL * ('•? ns/pF) Cl + 215 ns 




5.0 


- 


300 


600 




'PLH, 'PHL = '°-66 ns/ pFI C L +97 ns 




10 




130 


260 




'PLH, 'PHL " '° 5 ns/pF) Cl + 75 ns 




15 


: 


100 


200 




SC. D, FF or MR Setup Time 


<su 


5.0 


250 


125 


- 


ns 






10 


100 


50 


- 








IS 


80 


40 


- 




Clock Pulse Width 


'WH(cl) 


5.0 


700 


350 


- 


ns 






10 
15 


270 
200 


135 
100 






Pulse Width — D, SC, FF or MR 


'WH 


5.0 


500 


250 




ns 






10 


200 


100 










15 


160 


80 






Clock Rise and Fall Time 


'TLH, 


5.0 






15 


MS 




'THL 


10 
15 






5.0 
4.0 




Clock Pulse Frequency 


•cl 


5.0 




1.5 


0.8 


MHz 






10 




3.0 


1.5 








15 




4.0 


2.0 




* The formulae given are for the typical characteristics on 


v- 
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SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 



PulM 
Generator 





Q7 




Q6 
Q4 




Q3 

aa 

FF(MR) Q1 
QO 

D EOC 
s out 



-L 




Note: Pin 10 = V s 



TIMING DIAGRAM 



Clock . 
SC 



L 

Q6 
Q5 
Q4 



Q2 
Q1 
QO 

EOC 
s out 



i__ni 




— Don't care condition 
l nh — I ndicates Serial Out is inhibited low. 

* — Q8 if ninth-bit of serial information available from 8-bit register. 
Note: Pin 10- V SS 
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OPERATING CHARACTERISTICS 



Both the MCI 4549Band MC 1 4559B can be operated 
in either the "free run" or "strobed operation" mode for 
conversion schemes with any number of bits. Reliable 
cascading and/or recirculating operation can be achieved 
if the End of Convert IEOC) output is used as the controll- 
ing function, since with EOC = (and with SC = 1 for 
MC1 4549B but either 1 or for MC1 4559B) no stable 
state exists under continual clocked operation. The 
MCI 4559B will automatically recirculate after EOC = 1 
during externally strobed operation, provided SC = 1 . 

All data and control inputs for these devices are trig- 
gered into the circuit on the positive edge of the clock 
pulse. 

Operation of the various terminals is as follows: 
C = Clock — A positive-going transition of the Clock is 
required for data on any input to be strobed into the cir- 
cuit. 

SC = Start Convert — A conversion sequence is in- 
itiated on the positive-going transition of the SC input on 
succeeding clock cycles. 

D = Data In — Data on this input (usually from a com- 
parator in A/D applications) is entered into the circuit on a 
positive-going transition of the clock. This input is Schmitt 
triggered and synchronized to allow fast response and 
guaranteed quality of serial and parallel data. 

MR = Master Reset (MC14549B only) - Resets all 
output to on positive-going transitions of the clock. If 
removed while SC = 0, the circuit will remain reset until 
SC = 1 . This allows easy cascading of circuits. 

FF = Feed Forward (MC14559B only) - Provides 
register shortening by removing unwanted bits from a 
system. 

For operation with less than 8 bits, tie the output 
following the least significant bit of the circuit to FF.E.g., 



for a 6-bit conversion, tie Q1 to FF; the part will respond 
as shown in the timing diagram less two bit times. Note 
that Q1 and QO will still operate and must be disregarded. 

For 8-bit operation, FF is tied to Vss. 

For applications with more than 8 but less than 1 6 bits, 
use the basic connections shown in Figure 1 . The FF 
input of the MC14559B is used to shorten the setup. 
Tying FF directly to the least significant bit used in the 
MCI 4559B allows EOC to provide the cascading signal, 
and results in smooth transition of serial information from 
the MCI 4559B to the MC1 4549B. The Serial Out IS out ) 
inhibit structure of the MCI 4559B remains inactive one 
cycle after EOC goes high, while S oul of the MC1 4549B 
remains inhibited until the second clock cycle of its opera- 
tion. 

Q n = Data Outputs — After a conversion is initiated 
the Q's on succeeding cycles go high and are then condi- 
tionally reset dependent upon the state of the D input. 
Once conditionally reset they remain in the proper state 
until the circuit is either reset or reinitiated 

EOC = End of Convert - This output goes high on the 
negative-going transition of the clock following FF = 1 
(for the MCI 4559B) or the conditional reset of QO. This 
allows settling of the digital circuitry prior to the End of 
Conversion indication Therefore either level or edge trig- 
gering can indicate complete conversion. 

S ut = Serial Out — Transmits conversion in serial 
fashion. Serial data occurs during the clock period when 
the corresponding parallel data bit is conditionally reset. 
Serial Out is inhibited on the initial period of a cycle, 
when the circuit is reset, and on the second cycle after 
EOC goes high. This provides efficient operation when 
cascaded. 

• 



FIGURE 1 - 12-BIT CONVERSION SCHEME 



From A/D 
Comparator 



1/4 MC14001 



c »out 

SC MC14559B 

FF 

Q7Q6Q5Q4 QO EOC 



mn 



To D/A and Parallel Data 



MCI 4549 B 



C 

SC 
MR 

Q7 Q6Q5Q4Q3Q2Q1Q0EOC 



•F F allows EOC to activate 

at if in 4-stage register 
'Cascading using EOC guaranteed; 

no (table unfunctional state. 




Serial Out 
(Continual 
update every 
13 clock cycles) 



tCompletion of conversion 
automatically re initiates 
cycle in free run mode. 



External strobe 
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TYPICAL APPLICATIONS 



Externally Controlled 6-Bit ADC (Figure 2) 
Several features are shown in this application: 

• Shortening of the register to six bits by feeding the 
seventh output bit into the FF input. 

• Continuous conversion, if a continuous signal is 
applied to SC. 

• Externally controlled updating (the start pulse must 
be shorter than the conversion cycle). 

• The EOC output indicating that the parallel data are 
valid and that the serial output is complete. 

Continuously Cycling 8-Bit ADC (Figure 3) 

This ADC is running continuously because the EOC 
signal is fed back to the SC input, immediately initiating a 
new cycle on the next clock pulse. 



Continuously Cycling 12-Bit ADC (Figure 4) 

Because each successive approximation register (SAR) 
has a capability of handling only an eight-bit word, two 
must be cascaded to make an ADC with more than eight 
bits. 

When it is necessary to cascade two SAR's, the second 
SAR must have a stable resettable state to remain in while 
awaiting a subsequent start signal. However, the first stage 
must not have a stable resettable state while recycling, 
because during switch-on or due to outside influences, 
the first stage has entered a reset state, the entire ADC 
will remain in a stable non-functional condition. 

This 1 2-bit ADC is continuously recycling. The serial 
as well as the parallel outputs are updated every thirteenth 
clock pulse. The EOC pulse indicates the completion of 



FIGURE 2 - EXTERNALLY CONTROLLED 6 BIT ADC 



MC145598 Sout 
07 06 05 04 03 2 01 00 FF EOC 



FIGURE 3 - CONTINUOUSLY CYCL ING 8-BIT ADC 





c 










SC 


MC14559B 






07 06 OS 


Q4 Q3 Q2 Q1 00 


FF EOC 





iiitttn 
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• 



FIGURE 4 - CONTINUOUSLY CYCLING 12-BIT ADC 



MC14559B 
07 06 05 Q4Q3O2O.1O0 F F EOC 



1 1 1 h 1 1 1 



O7O6O5O4O3Q2Q'la0 EOC 

TTTTTTTT 



EOC 



the 1 2-bit conversion cycle, the end of the serial output 
word, and the validity of the parallel data output. 



Controlled 12-Bit ADC (Figure 5) 
In this circuit the external pulse starts the first SAR 
and simultaneously resets the cascaded second SAR. When 
Q4 of the first SAR goes high, the second SAR starts 
conversion, and the first one stops conversion. EOC indi- 
cates that the parallel data are valid and that the serial 
output is complete. Updating the output data is started 
with every external control pulse. 



Additional Motorola Parts for Successive 
Approximation ADC 

Monolithic digital-to-analog converters — The MC1 408/ 
1508 converter has eight-bit resolution and is available 
with 6, 7, and 8-bit i 

block - The MCI 407/1 507 contains a high 
ational amplifier and a high speed comparator with ad- 

With these two linear parts it is possible to construct 
SA-ADCs with an accuracy of up to eight bits, using as the 
register one MC14549B or one MC14559B. An additional 
CMOS block will be necessary to generate the clock fre- 
quency. 

Additional information on successive approximation 
ADC is found in Motorola Application Note AN-716. 



FIGURE 5 - EXTERNALLY CONTROLLED 12-BIT ADC 



— 



sc 



MCI 45598 

Q7IQ6O5Q4Q3Q2Q1Q0.FF EOC 



TO DAC 



L»| MR MC14S49B 

070605040.30.2010.0 EOC 



T ° DAC EOC S,,, 
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MCM14552 



256-BIT STATIC RANDOM ACCESS MEMORY 

The MCM14552 is a static random access memory (RAM) organ- 
ized in a 64 x 4 bit pattern. The three chip enable inputs can be used 
as extensions of the six address inputs, creating 9-bit address scheme. 
Eight MCM 14552 devices may be used to comprise a 2048-bit mem- 
ory (512 x 4) without additional address decoding. 

The mode control (M) is used to change the control logic charac- 
teristic of the circuit. For example, with M high, the 3-state input 
(T) fully controls the 3-state characteristic of the output. With M 
low, the output 3-state characteristic is controlled by chip enable 
inputs (CE), write enable input (WE) and T. 

The memory is designed so that dc signals may operate the mem- 
ory, with no maximum pulse width restrictions. 

Medium speed, micropower operation, and control flexibility 
make the device useful in scratch pad or buffer applications where 
battery operation or high noise immunity are required. 

• Quiescent Current = 50 M A/package typical <°> 5 Vdc 

• Noise Immunity = 45% of Vqd typical 

• 3-state Output Capability for Memory Expansion 

• Output Data Latch Eliminates Need for Storage Buffer 

• Access Time = 700 ns typical @ Vqd = 10 Vdc 

• Fully Decoded and Buffered 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 

Note: Strobe Must be Inactive (High) during Address Changes 
Note: Pin 20ILEI must be connected to V ss 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 



256-BIT (64 x 4) STATIC 
RANDOM ACCESS MEMORY 



MAXIMUM RATINGS IVoltages referenced to V ss ) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


v d 


-0 5 to +18 


Vdc 


Input Voltage, All Inputs 


v,„ 


-0 5 to V D ♦ 5 


Vdc 


DC Current Drain per Pin 


i 


10 


m Adc 


Operating Temperature Range - AL Device 
CL/CP Dev,ce 


T A 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 




L SUFFIX 

CERAMIC PACKAGE 
CASE 623 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 

ORDERING INFORMATION 

MCM14XXX -f~ -j- Suffix Denote, 



r 

I— L Ceram 
I — P Plaatic 



amic Package 
: Package 
■ A E xtended Operating 
Temperature Range 
- C Limited Operating 
Temperature Range 



This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields, however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages 
to this high impedance circuit. For proper operation it is recommended that 
V, n and V out be constrained to the range V ss < IV, n or V out l < V DD 

Unused inputs must always be tied to an appropriate logic voltage level le g . either 
VSS O' V D D 



9 I 
10 ( 




I 24 

123 
)22 
| 21 
)20 



I '6 
I 15 
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ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


v OD 
Vdc 


T|ow* 


25°C 


T high" 


Unit 


Min 


Max 


Mm 


Typ 


Max 


Min 


Max 


Output Voltage "0" Level 
V,n V D0 otO 

"1" Level 

V,n °°'V D D 


vol 


6.0 
10 
15 




0.05 
0.05 
0.05 









0.05 
0.05 
0.05 




0.05 
0.05 
0.05 


Vdc 


V H 


5.0 
10 
15 


4.95 
9 95 
14.95 




4 95 
9.95 
14.95 


5.0 
10 
15 




4.95 
9.95 
14.95 




Vdc 


Input Voltage" "0" Level 
(V - 4.5 or 0.5 Vdcl 
(V - 9.0 or 1.0 Vdcl 
(V = 13.5 or 1.5 Vdcl 

"1" Level 

IV ■ 0.5 or 4.5 Vdcl 
IV ■ 1.0 or 9.0 Vdc) 
(V - 1.5 or 13.5 Vdcl 


V|L 


5.0 
10 
15 




15 

3.0 
4.0 


- 


2.25 
4.50 
6 75 


1.5 
3.0 
4.0 


- 


1.5 
3 
4.0 


Vdc 


V|H 


5.0 
10 
15 


3.5 
7.0 
11.0 




3 5 
7.0 
11.0 


2.75 
5.50 
8.25 




3.5 
7.0 
11.0 




Vdc 


Output Drive Current (AL Device) 
IV 0H ■ 2.5 Vdc) Source 
(V OH " 4.6 Vdc) 
IVqh " 9-5 Vdcl 

t \l — . , . = n R Vrlr I 
' OH IJ.3 v UC 1 

ivql - u.i vaci binK 
(Vni = 0.5 Vdc) 
IV 0L = 15 Vdc) 


'OH 


5.0 
5.0 
10 
15 


-1.2 
-0.25 
-0.62 

-IS 


- 

- 
— 


-1.0 
-0.2 
-0.5 
-1.5 


-1.7 
-0.36 
-0.9 
-3.5 


- 
- 


-0.7 
-0.14 
-0.35 
-1.1 


- 
- 


mAdc 


'OL 


10 
15 


0.64 
1.6 
4 2 


- 


0.51 
13 
3 4 


0.88 
2.25 
8 8 


- 


0.36 
0.9 
2.4 


- 


mAdc 


Output Drive Current (CL/CP Device) 
(V OH = 2.5 Vdc) Source 
IV 0H = 4.6 Vdc) 
(V H = 9 5 Vdc) 
(V 0H = 13.5 Vdc) 
(Vql = 0.4 Vdcl Sink 

(vol = 0.5 Vdc) 
(v l ■ '.5 vdcl 


'OH 


5.0 
5.0 
10 
15 


-1.0 

-0.5 
-1.4 


- 
- 


-0.8 

-0.4 
-1.2 


-1.7 

-0.9 
-3.5 


- 
- 


-0.6 
-0 12 

-0.3 
-1.0 


- 
- 


mAdc 


'OL 


5.0 
10 
15 


0.52 
1.3 
3.6 




0.44 
1 .1 
3.0 


0.88 
2 25 
8.8 




0.36 
0.9 
2.4 




mAdc 


Input Current (AL Device) 


hn 


16 




±0.1 




±0.00001 


±0 1 




±1.0 


uAdc 


Input Current (CL/CP Device) 


l,n 


15 




• 1.0 




±0.00001 


11.0 




±14.0 


MAdc 


Input Capacitance 
IV in " 0) 


C,n 










5.0 


7.5 






pF 


Quiescent Current (AL Device) 
(Per Package) 


Idd 


5.0 
10 
15 


- 


5.0 
10 
20 




050 
100 
0.150 


5.0 
10 
20 




150 
300 
600 


MAdc 


Quiescent Current (CL/CP Device) 
(Per Package) 


1DD 
'DD 


5.0 
10 
15 




50 
100 
200 




050 
100 
150 


50 
100 
200 




375 
750 
1500 




Total Supply Current* ' t 
(Dynamic plus Quiescent. 
Per Package) 

(Cl = 50 pF on all outputs, all 
buffers switching) 


it 


5.0 
10 
15 




l T "(1.98 wA/kH?l f + l DD 
IT "(3.96 MA/kHz) f * 1 D D 
It =(5.86 MA/kHzl f * lDD 


MAdc 


Three-State Leakage Current 
(AL Device) 


ITL 


15 




±0.1 




•0.00001 


±0.1 




±3.0 


MAdc 


Three-State Leakage Current 
(CL/CP Dev.cel 


'TL 


15 




±1.0 




•0.00001 


±1.0 




±7.5 


MAdc 



"Tlow " -55°C for AL Device. -40°C for CL/CP Device 
Thigh = *125°C for AL Device, +86°C for CL/CP Device. 
"Noise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level = 1.0 Vdc min @ Vqq = 5.0 Vdc 

2.0 Vdc min® V do = 10 Vdc 
2.5 Vdc min @ Vqd = 15 vd <: 
tTo calculate total supply current at loads other than 50 pF: 
l T (C L l = ItISOpFI +4 x 10-3 (C L -501 V 0D f 
where: It is in mA (per package). C L in pF, Vqd in Vdc, and f in kHz is input frequency. 
•"The formulas given are for the typical characteristics only at 25°C. 
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SWITCHING CHARACTERISTICS* (C L - 50 pF, T A - 25°C> 



Characteristic 


Figure 


Symbol 


Vqd 


Min 


Typ 


Max 


Unit 


Output Rise Time 

tjLH " ns/pF) Cl + 30 ns 
txLH * H-5 ns/pF) Cl + 25 ns 
«TLH" 11' nt/pFI C L + 10 ns 


1 


tTLH 


5.0 
10 






180 
90 
65 


360 
180 
130 


nj 






15 








Output Fall Time 

tjHL " nt/pFI Cl ♦ 25 ns 
'THL " (0 - 7B n«/pF) Cl + 12.5 ns 


1 


«THL 


5.0 
10 






100 
50 


200 
100 


ns 


'THL " I"- 30 n 


/pi- 1 i;l ns 






15 






40 


80 




Read Cycle Time 




1 2 


<cyc(R) 


5 
10 
15 




2000 
750 
500 


6000 
2200 
1650 




Write Cycle Time 




3. 4 


*cyc(W) 


5.0 






1200 


3600 










10 

15 






750 
500 


2200 
1650 




Address to Strobe Setup Time 


1 3 


'sulA-ST) 




1500 














10 
15 


450 

350 


150 
120 


- 




Strobe to Address Hold Time 


1.3 


'h(ST-A) 


5.0 
10 
15 


150 
100 
75 


50 




- 




Address to Chip Enable Serup Time 


2,4 


SU lM-t*CJ 


5.0 
10 
15 


1800 
600 
450 


600 
200 
150 


- 


ns 


Chip Enable to Address Hold Time 


2.4 


*h(CE-A) 


5.0 


450 


150 




ns 








10 
15 


300 
225 


100 
75 
















Strobe or Chip Enable Pulse Width When Reading 


1. 2 


<WURI 


5.0 
10 
15 


1800 
450 
350 


450 
150 
100 




ns 












Strobe or Chip Enable Pulse Width When Writing 


3.4 


<WUW) 


5.0 
10 
15 


3600 


1200 




ns 








1800 
1350 


600 
400 






Read Setup Time 




»su<R) 


5.0 
10 
15 







-100 




ns 








-40 

-30 






Read Hold Time 


1 


«h(RI 


5.0 
10 
15 


540 
240 
180 


180 
60 
45 




ns 


Data Setup Time 


3.4 


<su(DI 


5.0 
10 


1800 
600 


600 
200 




ns 










15 


450 


150 






Date Hold Time 




3.4 


'MDI 


5.0 
10 
15 


600 
150 
120 


200 




ns 








50 
30 







* The formulae given are for the typical characteristics only. 
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SWITCHING CHARACTERISTICS* <C L - 50 pF, T A - 25°C) (continued) 



Characteristic 


Figure 


Symbol 




Min 


Typ 


Max 


Unit 


Write Enable Setup Time 


3.4 


■sulWEI 


5.0 
10 
15 


720 
240 
180 


240 
80 

55 


- 


ns 


Write Enable Hold Time 


3.4 


'h(WE) 


5.0 
10 
15 


150 
60 
45 


50 
20 
15 




ns 


Read Access Time from Strobe 


1.3 


lace I R -ST I 


5.0 
10 
15 




2000 
700 
350 


6000 
2100 
1600 


ns 


Read Access Time from Chip Enable 


2 


tacc(R-CEI 


5.0 
10 
15 




2100 
750 
400 


6300 
2250 
1700 


ns 


____ 

Output Enable/Disable Delay from Chip Enable or 
Write Enable 


2.4 


'R(CE). 
<R(WEI 


5.0 
10 
16 




400 
200 
150 


1200 
600 
450 


ns 


Three-State Enable/Disable Output Delay 


2 


MTI 


5.0 
10 
15 




400 
160 
120 


1200 
480 
360 


ns 


Latch to Output Propagation Delay 


1 


<le 


5.0 
10 
15 




500 
200 
150 


1500 
600 
450 


ns 



The formula given is for the typical characteristics only. 



LOGIC DIAGRAM 



°in D in D in Dj„ 
12 3 




°out 



u out 1 



09 D out3 
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FIGURE 1 - READ CYCLE WAVEFORMS UTILIZING STROBE TO ACCESS MEMORY 



Strobe 



Writs Enable 



Latch Enable 



( AST) 



V 



if 



«au(R>- 



-'cvc(H)- 



- 'WL(R>- 



X 



•hIASTI 



•h(RI 



90%' 
10% 



' v ss 



' v ss 

■ v DD 
- v ss 

V DD 

• v ss 



•TLH. 'THL 




vol 
Voh 



Note*: 1 - CE1. CE2. CE3 and T are low. M is high. 

2 - WE may be held high during the complete read cycle. 



FIGURE 2 — 



READ 



CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY 




Note» : 1 - Unused CT, ST, M and T ore low and We is high. 

2 — High impedance output state occurs when any CE is high 

and M is low, or when T is high. 

3 — The output displays data from the 

4 - «WL(R) > t Kc(R-C'E")max' 
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FIGURE 3 - WRITE CYCLE WAVEFORMS UTILIZING STROBE 




1 - CE1, CE2, CE3 end T are maintained at the logical "0" level. 

2 — M is maintained at the logical "1" level. 

3 - The output displays the contents of the previous state. 

4 - The output displays the contents of the presently addressed location as in a 

read modify write cycle. 

5 - The output displays the data that was written into addressed location. 



FIGURE 



4 - WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE 

vL — 



•hIA-CEl 
Chip Enable 



-'cvc(W)- 











NotM: 1 - High impfdincl output (fate occurs when CE it high or whan WE 
it low, for M and T maintained in tha low ttata. 
2 - Unuaad CE'e.ST, M and T ara maintained at tha logical "0" level. 



Vss 
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TRUTH TABLE 



FunctKin 


CE1 




CC 3 


T 


LE 


M 


ST 


WE 


Din 


D ou) 


Comm.nl, 


Addresi 


X 


X 


X 


X 


K 


X 




X 


X 


R/A 


D oul will be active if all 


Changing 












X 


x 






R/A 


Cl = 0. T = and Wf = 1 


Valid 


X 


. 


x 


x 


x 


X 


X 


x 


1 


R/A 
























R/A 












X 


X 


X 





X 


* 




out »<M be active it T - 
and T « 


— ' 
























(in high resistance Hate. 




X 


1 


X 


X 





X 


X 


X 


R 


Disable* write circuitry 




X 


1 


X 


X 


X 





X 


X 


X 


H 






1 


X 


■""■■JT* ' 


X 


X 









X 


R 






X 


x 


x 
x 


1 


X 


x 


x 


x 


X 


R 


T = 1 always disables D OUI 
M = and write operation 
disables O ou , 




x 


X 


x 


x 





x 





X 


R 


Dqu, Enabled 














X 


X 


X 


! 


X 


A 


Read operation, D ou , active 


tin active state! 


X 


X 


X 





X 


1 


x 


x 


X 


A 


Read or write. 0o , act.-e 


Read Addressed 











X 





X 





X 


X 


R/A 


If W€ ■ 0. D, n ■ D ou , 


Memory Location 
























Imo Output Latch 






























: — ~ 














R/A 
R/A 
R/A 




Disable Reading 
Fiom Memory 


X 


X 

1 


X 
X 


X 


X 
X 
X 


x 

X 

X 


X 
X 
X 


X 
X 

X 


X 
X 
X 






X 


X 


X 


X 


X 


X 




X 


X 


R/A 








X 


X 


X 


X 









X 


R A 




























Write into Memofv 











X 


X 










A 


R/A 




Write On.it. led 




X 






X 








X 


H/ A 










X 


X 


I 


X 


X 


X 


X 


R/A 








X 


X 


X 


X 


X 


X 


X 


X 


R/A 






X 








X 








X 


R/A 






















X 


R/A 




Output L.ttcn Enabled 


















■"' 






H 'A 




Output Laicl> Disabled 






1 


X 






X 






R/A 








1 






X 


X 


X 


X 


X 


R.'A 






1 


X 




X 


X 






x 


X 


R/A 








X 


X 


X 


1 


X 


X 


X 


X 


R/A 






X 


X 




X 


X 


X 


1 


>. 


x 


R' A 





R - High lesmance state at D ou , X - Don i care condition (must be in the 1 01 0" natal 

A An active level of either Vqqw Vgs I - A high level at VrjD 

R/A * An fl or A condition depending on the don't cate condition A low level at Vss 



FIGURE 5 - 512 WORD x 16 BIT MEMORY BOARD 



A5 o- 
A4 0- 
A3 O- 
A2 O- 
A1 o- 
AO O- 



All M and CE 
input! are 
grounded 



A8 c- 
A7 0- 



OO D1 D2 D3 



D4 D5 D6 D7 



Boerd Stroba 1 



■ T T T T T T T 



CE3 

CE2 

CE1 

A5 

A4 

A3 

A2 



-C CE3 

-c CE2 

-< CIl 
-c A5 
-C A4 
-c A3 
-C A2 
-C A1 
-C AO 
ST 

-< T 



D8D9O10O11 D12013014015 

T T T T. T T T T 



. MCM14552, 
32 placei 



I 
I 
I 



TTTT 

DO D1 D2 OS 



Mil 

D4 D5 06 D7 



TTTT 

D8 D9D10D11 



TTTT 

D12D13D14 D15 
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BCD-TO-SEVEN SEGMENT DECODER 



The MC14558B decodes 4-bit binary coded decimal data depen- 
dent on the state of auxiliary inputs. Enable and RBI, and provides an 
active high seven-segment output for a display driver. 

An auxiliary input truth table is shown, in addition to the BCD 
to seven-segment truth table, to indicate the functions available with 
the two auxiliary inputs. 

Leading Zero blanking is easily obtained with an external flip-flop 
in time division multiplexed systems displaying most significant 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 



BCD-TO-SEVEN 
SEGMENT DECODER 




decade first. 



15 Vdc 



• Quiescent Current = 5.0 nA/package typical I 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Segment Blanking for All Illegal Input Combinations 

• Lamp Test Function 

• Capability for Suppre 

• Lamp Intensity Function 

• Capable of Driving Two Low-power TTL Loads, One I 
Schottky TTL Load or Two HTL Loads Over the Ra 
ature Range 



I Zeros 








L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


CASE 6 


iO CASE 648 


ORDERING INFORMATION 


MC14XXX8 


Suffix Denote* 

— L Ceramic Package 
I — P Plastic Package 

A Extended Operating 

Temperature Range 

C Limited Operating 

Temperature Range 



MAXIMUM RATINGS (Voltaqes referenced to V ss l 





Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


-0 5 to »18 


Vdc 


Input Voltage. All Inputs 


V,„ 


-0 5 to V DD * 5 


Vdc 


DC Current Drain per Pin 


1 


10 


m Adc 


Operating Temperature Range - AL Device 
CL'CP Device 


T A 


-55 to * 125 
-40 to +85 


°C 


Storage Temperature Range 
1 


T stg 


-65 to +150 


°c 



AUXILIARY INPUT TRUTH TABLE 



Enable 
Pin 3 


RBI 
Pin 5 


BCD 
Input 
Code 


RBO 
Pin 4 


Function Performed 





. 


X 





Lamp Test 















1 


X 


1 


Blank Segments 


1 


1 





1 


Display Zero 


1 











Blank Segments 


1 


X 


19 


1 


19 Displayed 



RBI - Ripple Blanking Input 
RBO - Ripple Blanking Output 



PIN ASSIGNMENT 













B 


Vdd 


=^16 




C 


f 


| 115 




EN 





=314 


4 C= 


RBO 


a 


=313 


5 C= 


RBI 


b 


=3 12 


6 C= 


D 


c 


=111 




A 


d 


=310 


8 r= 


V SS 


• 


=J9 



O 



n 
u 


1 
1 


D 
(_ 


D 




5 


fa 


-> 


e 


9 
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ELECTRICAL CHARACTERISTICS 







V DD 


T low" 


25°C 


T h 






Characteristic 


Symbol 


Vdc 


Min 


Max 


Min 


Typ 


Max 


in 


Max 


nit 


Output Voltage -0" Level 




5 




05 







05 




05 


Vdc 


v l 


- 


- 




v ,n V OD orO 




10 
15 


■ 

- 


05 
05 








05 

0.05 




0.05 
0.05 




"1" Level 


v h 


5 


4.95 




4.95 


5.0 




4.95 


- 


Vdc 


V,n OorV 00 




10 
15 


995 
14 95 


_ 


9 95 
14 95 


10 
15 


_ 

- 


9.95 
14.95 






Inpul Voltage* "0" Level 


V| L 


















Vdc 


(V 4.5 or 0.5 Vdc) 




5 


- 


1.5 


- 


2 25 


1.5 




1 .5 




IVo 9 Of 1.0 Vdcl 




10 


- 


3.0 


- 


4.50 


3.0 




3 




IVq 1J.D Of 1.3 vdcl 






- 


4.0 




6 75 


4.0 








"V Level 


V|H 


, — 














— 




IVQ U.D Of **.D VClCt 




5.0 


3 5 




3.5 


2.75 




3.5 




Vdc 


(V 1.0 or 9.0 Vdc) 




10 


7.0 


- 


7.0 


5.50 


- 


7 






(Vq l 5 of 13.5 Vdcl 




15 


110 




110 


8 25 


- 


1 1 






Output Drive Current (AL Device) 


'OH 


















m Adc 


IVqH 2-5 Vdc) Source 




5 


-3.0 


- 


-2.4 


-4.2 


- 


— 1 .7 






(Vqh 4.6 Vdc) 




5.0 


-0.64 


- 


-0.51 


-0.88 


- 


— 0.36 






(Vqh - 9.5 Vdc) 




10 


— 1 .6 




- 1 .3 


-2.25 




— 0.9 






(Vqh - 13-3 Vdc) 




15 


— 4.2 




34 


— 8 8 




-2.4 






(v l ' 4 Vdcl Smk 


'OL 


5 


64 


- 


51 


088 


- 


0.36 




mAdc 


(V 0L « 0.5 Vdc) 




10 


1 .6 




1 .3 


2.25 




0.9 


- 




IV 0L 5 15 Vdc) 




15 


4.2 




3 4 


88 




2.4 






— ■ — — 

Output Drive Current (CL/CP Device) 


'OH 


















m Adc 


(Vqh = 2.5 Vt)cl Source 




5.0 


— 2.5 




-2.1 


—4.2 




-1.7 


- 




(V OH ■ 4.6 Vdc) 
{V OH - 9.5 Vdc) 




5 
10 


—0.52 




-0.44 
— 1.1 


-0.88 
— 2.2 5 




-0.36 
— 0.9 






(V 0H 13.5 Vdc) 




15 


— 3.6 




— 3 


— 8.8 




-2.4 






<,V OL = 0.4 Vdc) Sink 


'OL 


5.0 


0.52 




044 


088 




036 




mAdc 


(Vol ■ 0.5 vdc) 




10 


13 




1.1 


2.25 




9 


- 




(v l : 15 Vdc| 




15 


3.6 




3.0 


88 




2 4 






Input Current (AL Device) 


l.n 


15 




■ 1 




•0 00001 


•0 1 




1 


uAdi: 


Input Current (CL/CP Device) 


l,n 


15 




• 3 




!0 00001 


i03 




! 1 


uAdc 


Input Capacitance 

'v m ot 


C „ 










5 


7 5 






pF 


Quiescent Cerent (AL Device) 


l DD 


5 




5 




0.005 


5 




150 


uArtc 


(Per Package) 


10 
15 




10 
20 




0.010 
0.015 


10 
20 




300 
600 




Quiescent Current (CL/CP Device) 
(Per Package 1 


'DO 


5 




20 




0.005 


20 




150 
300 


uAdc 


10 




40 




0010 


40 








15 




80 




0015 


80 




600 




Total Supply Current**t 


IT 


5 






It ■ l1.2|iA/kHz> 


f + inn 






MAdc 


(Dynamic plus Quiescent. 
Per Package) 

(Cl " 50 pF on all outputs, all 
buffers switching) 




10 
15 


lj - (2.4 «A/kHzl f + lDD 
l T = l3.6uA/kHzl f ♦ lDD 

























■T| w -55°C for AL Device. -40°C lor CL/CP Device. 
T h,gh <125°C lor AL Device. +85°C for CL/CP Device 
-Noise immunity specified for worst case input combination 
Noise Margin for both "V and "0" level 1 .0 Vdc min (p> V DD -- 5.0 Vdc 

2 Vdc min <°> V 0D 10 Vdc 
2 5 Vdc min ra V DD 
ITo calculate total supply current at loads other than 50 pF 
l T IC L l l T !50pFI + 4 x 10-3 IC L -50) V DD l 
where: It is in uA (per package), C L in pF, V D0 in Vdc. and I in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 25°C. 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vj n and V out be constrained to the range V ss < (V in or V out ) 

Unused inputs must always be tied to an appropriate logic voltage level le g , either Vss or VqD 1 
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SWITCHING CHARACTERISTICS* <C L = 50 pF. T A - 25°C; see Figure 1) 



Characteristic 


Symbol 


VDO 


Min 


Typ 


Max 


Unit 


Output Rise Time 

t TL H " (3.0 ns/pF I Cl + 30 ns 
»TLH " l'-5 ns/pFI C L + 15 ns 
'TLH " ns/pF) C L + 10 ns 


•TLH 


5.0 
10 
15 


- 


100 
50 
40 


200 
100 
80 


ns 


Output Fall Time 

<THL = (T .S ns/pFI C[_ + 25 ns 
*THL * '° 75 ns/pF) C|_ + 12.5 ns 
t T HL= (0 56 ns/pF)C L + 9.5 ns 


«T„L 


5.0 

: 


1 


100 
50 
40 


200 
100 
80 


ns 


Propagation Delav Time 

tp[_H - (1.7 ns/pFI C L + 495 ns 
tpLH " 10.66 ns/pF) Cl + 187 ns 
tpLH = (0 5 ns/pFI C|_ + 120 ns 


tPLH 


5.0 
10 
15 


_ 


580 
220 
145 


1160 
440 
230 


ns 


Propagation Delay Time 

tpHL = (1-7 ns/pF) Cl + 695 ns 
tp H L - (0.66 ns/pFI C L + 242 ns 
tpHL " (0.5 ns/pFI Cl + 160 ns 


<PHL 


5.0 
10 
15 




780 
275 
185 


1560 
550 
370 


ns 



* The formulae given are for the typical characteristics only. 



TRUTH TABLE 



INPUTS 


OUTPUTS* 


En 
Pin 3 


RBI 
Pin 5 


D 

Pin 6 


c 

Pin 2 


B 

Pin 1 


A 
Pin 7 


a 

Pin 13 


b 

Pin 12 


c 

Pin 11 


d 

Pin 10 


e 

Pin 9 


f 

Pin 15 


9 

Pin 14 


RBO 
Pin 4 


DISPLAY 


















1 


1 


1 


1 


1 


1 







n 
u 




X 











1 











O 


1 


1 







i 
i 




X 








1 





1 


1 





1 


1 





1 




3 
(. 




X 








1 


1 


1 


1 












1 




3 




X 





1 1 











1 










1 


1 




H 




X 





1 





1 









1 





■ 


1 




5 




X 





1 


1 













1 


1 


1 


1 




b 




X 





1 


1 


1 


1 


1 


















i 




X 


1 











1 


1 




1 


1 


1 


1 




8 




X 


t 








1 


1 


1 










1 


1 




9 











































Blank 








X 


X 


X 


X 


1 


1 


1 




1 


1 


1 





e 







X 


X 


X 


X 























1 


Blank 



FIGURE 1 



'All non-valid BCD input codes produce 
X = Don't Care 



- SIGNAL WAVEFORMS 



Any Input 



20 ns 



— -.j 20 n» 

to* jr™ ~^jL 

br or^nd 




'THL- 
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TYPICAL APPLICATIONS 



FIGURE 2 - LEADING AND TRAILING ZERO 
SUPPRESSION WITH LAMP TEST 



N3 



vss 



Lamp Tesi « 



RBI RBO 



3= 



r-C RBI RBO 



r-ORBI RBO 



rO RBI RBO ■ 



FIGURE 3 - LEADING AND TRAILING ZERO SUPPRESSION 
WITH PWM INTENSITY BLANKING AND NO LAMP TEST 



N3 



RBI RBO 



kRBI RBO 



K3 RBI RBO 



r-O RBI RBO - 



FIGURE 4 - ZERO SUPPRESSION WITH LAMP TEST 
AND INTENSITY BLANKING 



l-H LAMP TE 



N1 • N-1 



rC RBI RBO 



81anking| 
Lamp T«t| 



RBI RBO 




RBI RBO 



r-C RBI RBO 



4> 







i-O RBI RBO 



RBI RBO 



RBI RBO - 
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FOR COMPLETE DATA 
SEE MC14549B 



1 



SUCCESSIVE APPROXIMATION REGISTERS 

The MC14549B and MC14559B successive approximation regis- 
ters are 8-bit registers providing all the digital control and storage 
necessary for successive approximation analog-to-digital conversion 
systems. These parts differ in only one control input. The Master 
Reset (MRI on the MC14549B is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FFI of the 
MC14559B is used for register shortening where End-of-Conversion 
(EOC) is required after less than eight cycles. 

Applications for the MC14549B and MC14559B include analog- 
to-digital conversion, with serial and parallel outputs. 

• Totally Synchronous Operation 

• All Outputs Buffered 

• Single Supply Operation 

• Serial Output 

• Retriggerable 

• Compatible with a Variety of Digital and Analog Systems such as 
the MC1408 8-Bit D/A Converter 

• All Control Inputs Positive-Edge Triggered 

• Supply Voltage Range = 3.0 Vdc to 18 Vdc 

• Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper 
ature Range 



CMOS MSI 

'LOWPOWER COMPLEMENTARY MOSI 

SUCCESSIVE APPROXIMATION 
REGISTERS 




L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 

ORDERING INFORMATION 

MC14XXX8 _ Suffix Denotes 



t Suffix D 
- L Cera 
- P Plesi 



Ceramic Package 
istic Package 
■ A Extended Operating 
Temperature Range 
- C Limited Operating 
Temperature Range 



MAXIMUM RATINGS (Voliages referenced to V ss l 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


-0 5 to «18 


Vdc 


Input Voltage, All Inputs 


v,„ 


-0.5 to Vqd ♦ 0.5 


Vdc 


DC Current Drain per Pin 


1 


10 


mAdc 


Operating Temperature Range - AL Device 
CL.'CP Device 


T A 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to+150 


°c 



TRUTH TABLES 



sc 




MR 




Clock 


Action 




SC 


SC( t -i} 


EOC 


Clock 


Action 


X 


X 


X 


X 




None 




X 


X 


X 




None 


X 


X 


1 


X 




Reset 




1 










Start 

Conversion 


1 













Start 

Conversion 




X 


1 







Continue 
Conversion 


1 


X 





1 




Start 

Convarsion 















Continue 
Conversion 


1 


1 










Continue 
Conversion 







X 


1 


_r 


Retain 

Conversion 
Result 





X 





X 




Continue 
Previous 
Operation 




1 


X 


1 




Start 

Conversion 



X ■ Oon't Care 
t 1 - State at Previous Clock - 




*=For MC14549B Pin 10 is MR Input 
For MC14559B Pin 10 is FF input 



This device contains circuitry to protect 
the mputsagainst damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit- For proper operation it 
is recommended that Vj n and V 0ut be 
constrained to the range Vgs < <Vj n or 
VoutKVDD 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss°' V DD ). 



2-188 



® 



PHASE COMPARATOR AND 
PROGRAMMABLE COUNTERS 

The MC14568B consists of a phase comparator, a divide-by-4, 16, 
64 or 100 counter and a programmable divide-by-N 4-bit binary 
counter (all positive-edge triggered) constructed with MOS P-charinel 
and N channel enhancement mode devices (complementary MOS) in 
a single monolithic structure. 

The MC14568B has been designed for use in conjunction with a 
programmable divide-by-N. counter for frequency synthesizers and 
phase-locked toop applications requiring low power dissipation and/ 
or high noise immunity. 

This device can be used with both counters cascaded and the 
output of the second counter connected to the phase comparator 
(CTL high), or used separate of the programmable divide-by-N coun- 
ter, for example cascaded with MC14569B (CTL low), MC14522B or 
MC14526B. 

• Quiescent Current - 5.0 nA typ/pkg @ 5 Vdc 

• Supply Voltage Range -3.0 Vdc to 1 

• Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 




MAXIMUM RATINGS (Voltages referenced to V ss 



Rating 



DC Supply Voltage 



Input Voltage. All Inputs 



DC Current Drain per Pin 



Operating Temperature Range - AL Device 

CL/CP 

Storage Temperature Range 



Symbol 



'DP 



-0 5 to V D o * 5 



BLOCK DIAGRAM 
I 1 




°C 



PC, n 14Q- 



9 O- 



Phase 
jmparator 



CTL l&O- 



•O- 3Q [— •> 



pe 20 — r 



Counter Dl 



4 Bit 
Programmable 
Counter D2 



Dp 3 6 



"O" pc ou, 
-O" p CP ,„ 



-Oil G 



fCln 



-O'O r 



-Ol Q1/C2 



MC14568B 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOSI 

PHASE COMPARATOR 
AND PROGRAMMABLE 
COUNTERS 



16 ' V 




L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


ORDERING INFORMATION 


MC14XXXB _ 


_ Suffix Denotes 

— L Ceramic Package 

1 P Plastic Package 

i A Extended Operating 
Temperature Range 

C Limited Operating 

Temperature Range 



TRUTH TABLE 



F 


G 


Division Ratio 


Pin 10 


Pin 11 , 


of Counter D1 








4 





1 


16 


1 





64 


1 


1 


100 



The divide-by zero state on the programmable 
divide-by-N 4-bit binary counter, D2. is illegal. 



L HIGH 



_J *™0 PCP out 



V DD Pin 16 



6 6 o d po 

D P2 Dp, 



D2 



J 
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ELECTRICAL CHARACTERISTICS 







V DD 


T|ow- 


2S°C 


Th 


9h' 




Characteristic 


Symbol 


Vdc 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Unit 


Output Voltage ~V Level 


vol 


5.0 


- 


05 


- 





0.05 




05 


Vdc 


V,n V D0 orO 




10 




0.05 


_ 





0.05 




0.05 




"V Level 




15 


_ 


0.05 







0.05 


~ 


0.05 




V H 


5.0 


4.95 




4.95 


5.0 




4 95 


- 


Vdc 


V m 0orV DD 




10 
15 


9.95 
14.95 


_ 


9 95 
14.95 


10 
15 


- 


9 95 
14.95 


-> 




Input Voltage *t "0" Level 


V|L 


















Vdc 


(V 4.5 or 0.5 Vdcl 




5 


- 


15 


- 


2.25 


1.5 


- 


1.5 




IV 9.0 or 1.0 Vdcl 
(Vq - 13.5 or 1 .5 Vdcl 




10 
15 




3.0 
4 


- 


4.50 
6 75 


3.0 
4.0 


- 


3.0 
4 




"1" Level 


V|H 




















(Vq 0.5 or 4.5 Vdc) 




5.0 


3 5 




3.5 


2.75 




3.5 




Vdc 


(Vq 1 .0 or 9.0 Vdc) 




10 


7.0 




7.0 


5.50 


- 


7.0 


- 




(Vo = 1 5 or 13.5 Vdcl 




15 


11.0 




110 


8 25 


- 


11.0 






Output Drive Current IAL Device) 


'OH 


















mAdc 


(Vqh 2-5 Vdcl Source 




5 


-1 2 




-1 .0 


-1.7 




-0.7 






(V H 4.6 Vdcl 




5 


-0.25 


- 


-0.2 


-0.36 


- ' 


-0.14 


— 




ivqh - y.D vac) 






-0.62 


- 


-0.5 


-0 9 










\ v OH vaci 




15 


-1 .8 




-1 .5 


-3.5 


* 








(Vql - 0.4 Vdc) Sink 


'OL 


5 


64 


- 


51 


88 


- 


36 






"VQL \J .3 vaci 






1 6 




1 .3 


2.25 










(v l = vdc) 
- — -.i 




15 


4.2 




3.4 


8 8 


1 


2.4 






Output Drive Current (CL/CP Device) 


'oh 


















m Adc 


(Vqh ' 2S Vdc) Source 




5 


-1.0 




-0.8 


-1.7 




-0 6 






(V 0H = 4.6 Vdc) 




5 






°04 


~° 3 g 6 




-0 12 






(V OH =9.5 Vdc) 




10 


5 










-0 3 






(V OH " 13.5 Vdc) 




15 


1 A 




19 






-1.0 


- 




(Vql = 04 VtJc| Sink 


Iq l 


5 


5? 




0.44 


0.88 




0.36 




mAdc 


(V OL = 0.5 Vdc) 




10 


1 3 




1.1 


2.25 




9 










- 










— 




<V OL - 1.5 Vdc) 




15 


3.6 




3 


88 




2 4 
























Input Current (AL Device) 


1*1 


15 




i 0.1 




•0 00001 


*0 1 




• 1 .0 


mA<Jc 


Input Current (CL/CP Device) 


•in 


5 




•03 




!0 00001 


; 3 




± 1 .0 


" 1 c 


Input Capacitance 


C,n 










5 


7.5 






PF 


(V in 0) 




















Quiescent Current (AL Device) 


Idd 


5.0 


- 


5.0 




0.005 


5 




150 
300 


MAdc 


{Per Packaqe) 


10 




10 




0010 


10 












20 




0.015 


20 




600 




Quiescent Current (CL/CP Device) 


'DO 


5 




20 




0.005 


20 




150 


jiAdc 


(Per Package! 




10 




40 




0.010 


40 




300 








15 




80 




0.015 


80 




600 




Total Supply Current' M 


it 


5.0 






















l T = 10.2 uA/kHz) f -r l DD 
ly = (0.4uA/kHzl f + l DD 
IT = 10.9 uA/kHzl 1 -t- l DD 






MAdc 


(Dynamic plus Quiescent, 
Per Package) 

<C L B 50 pF on all outputs, all 




10 
15 
































buffers switching) 






















Three-State Leakage Current, Pins 1,13 


'TL 


15 




±0.1 




: 0.00001 


±0.1 




±3.0 


MAdc 


(AL Device) 






















Three-State Leakage Current, Pins 1,13 


'TL 


15 




tl.O 




10.00001 


: 1.0 




♦7.5 


MAdc 


(CL/CP Devices) 






1 

















* T low -55°C lor AL Device. -40°C lor CL/CP Device. 
Thigh ■ *125°C lor AL Device. ♦85°C lor CL/CP Device 
= Noise immunity specified lor worst-case input combination. 
Noise Margin lor both and "0" level ■ 1 .0 Vdc min <=> V DD 

2 Vdc min <a Vqd 
2.5 Vdc min @ Vq d 
tTo calculate total supply current at loads other than 50 pF 
l T (C L l - l T (50pFI t 1 x 10-3 (C L -501 V DD I 
where: l T is in »A (per package). C L in pF. V DD in Vdc, 
• -The lormulas given are lor the typical characteristics only at 25' 



■ 5.0 Vdc 
' 10 Vdc 

■ 15 Vdc 



PIN ASSIGNMENT 

O 

Q1/C2 Vr 




2 t= PE 



input frequency 



tPin 15 isc 



J to Vgs or Vqd for input voltage test 



<"= v ss 



"0" 

Dp 2 
Op, 
DPO 



CTL 



Q 
F 
C1 



3 16 
j 15 
314 
3 13 
312 
311 
310 
39 
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SWITCHING CHARACTERISTICS <C L - 50 P F. T A = 25°C) 





Characteristic 


Symbol 


v D d 

Vdc 


Min 


Typ 


Max 


Unit 


Output Rise Time 


'TLH 


5.0 
10 
15 




180 
90 
65 


360 
180 
130 


ns 


Output Fall Time 


'THL 


5.0 
10 
15 




100 
50 
40 


200 
100 
80 


ns 


Minimum Pulse Width, CI. Q1/C2. or PCj n Input 


fWH 


5.0 
10 
15 




125 
60 
45 


250 
120 
90 


ns 


Maximum Clock Rise and Fall Time, 
C1,Q1/C2, or PCm Input 


'TLH, 
'THL 


5.0 
10 
15 


15 
15 
15 






MS 


PHASE COMPARATOR 


Input Resistance 


Rin 


5.0 to 15 


- 


,06 


- 


MSJ 


Input Sensitivity. DC Coupled 


- 


5.0 to 15 


See Input Voltage 


Turn-Off Delay Time. 

PC out and PCP ou , Outputs 


tPHL 


5.0 
10 
15 




550 
195 
120 


1100 
390 
240 


ns 


Turn-On Delay Time. 

PC ou , and PCP oul Outputs 


'PHL 


5.0 
10 
15 




675 
300 
190 


1350 
600 
380 


ns 



DIVIDEBY-4, 16. 64 OR 100 COUNTER (DP 



Maximum Clock Pulse Frequency 












MHz 


Division Ratio = 4, 64 or 100 




5.0 


3.0 


6.0 










10 


8.0 


16 










15 


10 


22 






Division Ratio = 16 




5.0 


1.0 


2.5 




MHz 






10 


3.0 


6.3 










15 


5.0 


9.7 






Propagation Delay Time, Q1/C2 Output 


'PLH, 










ns 


Division Ratio = 4, 64 or 100 


'PHL 


5.0 




450 


900 






10 




190 


380 








15 




130 


260 




Division Ratio - 16 




5.0 




720 


1440 


ns 






10 




300 


600 








15 




200 


400 





PROGRAMMABLE DIVIDE-BY-N 4- BI T COUNTER ( D2) 



Maximum Clock Pulse Frequency 


id 


5.0 


1.2 


1.8 




MHz 


(Figure 3a) 




10 


3.0 


8.5 










15 


4.0 


12 






Turn-On Delay Time, "0" Output 


'PLH 


5.0 




450 


900 


ns 


(Figure 3a) 




10 




190 


380 




i - , 




15 




130 


260 




Turn-Off Delay Time, "0" Output 


'PHL 


5.0 




225 


450 


ns 


(Figure 3a) 




10 




85 


170 








15 




60 


150 




Minimum Preset Enable Pulse Width 


'WHIPE) 


5.0 




75 


250 


ns 






10 




40 


100 








15 




30 


75 





This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation it is recommended that Vj n and V out be con- 
strained to the range Vgs < (Vj n or V out ) Vqq. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgg or Vrjrj). 
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SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 




FIGURE 2- COUNTER D1 




"N it the value programmed on the Dp Inputs. 
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LOGIC DIAGRAM 




MC14568B 
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OPERATING CHARACTERISTICS 



The MC14568B contains a phase comparator, a fixed 
divider (-? 4, -f 16, -f 64, 4 100) and a programmable 
divide-by-N 4-bit counter. 

PHASE COMPARATOR 

The phase comparator is a positive edge controlled 
logic circuit. It essentially consists of four flip-flops and 
an output pair of MOS transistors. Only one of its inputs 
(PCj n , pin 14) is accessible externally. The second is 
connected to the output of one of the two counters D1 
or D2 (see block diagram). 

Duty cycles of both input signals (at A and B) need not 
be taken into consideration since the comparator responds 
to leading edges only. 

If both input signals have identical frequencies but 
different phases, with signal A (pin 14) leading signal B 
(Ref.), the comparator output will be high for the time 
equal to the phase difference. 

If signal A lags signal B, the output will be low for the 
same time. In between, the output will be in a three-state 
condition and the voltage on the capacitor of an RC filter 
normally connected at this point will have some inter- 
mediate value (see Figure 4). When used in a phase locked 
loop, this value will adjust the Voltage Controlled Oscil- 
lator frequency by reducing the phase difference between 
the reference signal and the divided VCO frequency to 

FIGURE 4 - PHASE COMPARATOR WAVEFORMS 

n n — DD 

1 ' I J , ,, Tr Vss 



I (Ref.) 




If the input signals have different frequencies, the out- 
put signal will be high when signal B has a lower frequency 
than signal A, and low otherwise. 

Under the same conditions of frequency difference, the 
output will vary between Voh (° r v OL> and s ™ inter " 
mediate value until the frequencies of both signals are 
equal and their phase difference equal to zero, i.e. until 
locked condition is obtained. 

Capture and lock range will be determined by the VCO 
frequency range. The comparator is provided with a lock 
indicator output, which will stay at logic 1 in locked 
conditions. 

The state diagram (Figure 5) depicts the internal state 
transitions. It assumes that only one transition on either 
signal occurs at any time. It shows that a change of the 
output state is always associated with a positive transition 
of either signal. For a negative transition, the output does 
not change state. A positive transition may not cause the 
output to change; this happens when the signals have 
different frequencies. 

DIVIDE BY 4, 16, 64 OR 100 COUNTER (D1) 

This counter is able to work at an input frequency of 
5 MHz for a Vqd value of 10 volts over the standard 
temperature range when dividing by 4, 64 and 100. Pro- 
gramming is accomplished by use of inputs F and G (pins 
10 and 11) according to the truth table shown. Connect- 
ing the Control input (CTL, pin 15) to Vqq allows cas- 
cading this counter with the programmable divide-by-N 
counter provided in the same package. Independent 
operation is obtained when the Control input is con- 
nected to VsS- 

The different division ratios have been chosen to gen- 
erate the reference frequences corresponding to the chan- 
nel spacings normally required in frequency synthesizer 
applications. For example, with the division ratio 100 
and a 5 MHz crystal stabilized source a reference fre- 
quency of 50 kHz is supplied to the comparator. The 
lower division ratios permit operation with low frequency 
crystals. 



FIGURE 5 - PHASE COMPARATOR 
STATE DIAGRAM 
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If used in cascade with the programmable divide-by-N 
counter, practically all usual reference frequencies, or 
channel spacings of 25, 20, 12.5, 10, 6.25 kHz, etc. are 
easily achievable. 

PROGRAMMABLE DIVIDE BY N 
4-BIT COUNTER (D2) 

This counter is programmable by using inputs D Po . . . 



Dp>3 (pins 7 ... 4). The Preset Enable input enables the 
parallel preset inputs Dpo . . . DP3. The "0" output must 
be externally connected to the PE input for single stage 
applications. Since there is not a cascade feedback input, 
this counter, when cascaded, must be used as the most 
significant digit. Because of this, it can be cascaded with 
binary counters as well as with BCD counters (MC14569B, 
MC14522B, MC14526B). 



TYPICAL APPLICATIONS 

FIGURE 6 - CASCADING MC14568B AND MC14522B OR MC14526B WITH MC14569B 



<inO 



CF 

C Q 
MC14569B 



ranm 



CF 

MC14522B Q4 
or 

MC 145268 

"0" 



Dpo D P3 



LSD 



C MCI 4522 B Q<» 
Or 

MC14526B 



mr TTTi TTTT 



Dpo . Dp 3 



Q1/C2 

MC14568B 



Dpo Dp 3 



FIGURE 7 - FREQUENCY SYNTHESIZER WITH MC14568B and MCI 
(Channel Spacing 10 kHz) 



140 kHz) 
O- 



VSS 



CTI 

•0" 



MC145G8B G 



TTTT 

Dpo D P3 



3* 



MC14569B C 



Frequencies thown in parenthesis are given as an example. 



vco 





— 



v o 
o 



2M 



'out 

-o 



1144-146 MHz) 



Crystal 
Oscillator 
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MC14568B 



FIGURE S - FREQUENCY SYNTHESIZER USING MC145688, MC14569B AND MC14522B 
(Without Mixer) 




6660 

DPO D P3 







vco 











MC14569B 
' E Out 
(BCD) Binarv 



6666 66 



r OUt 

— o 



N, 

(0-5) 
(625 kHz stepsl 



Divide ratio = I6ON1 + I6N2 + N3 



Example: 
f out 

Frequency 

Channel spacing = 25 kHz 
Reference frequency 4 6.25 kHz 



N 2 N 3 
(0-9) (0, 4, 8, 12) 

(62.5 kHz steps) (6.25 kHz steps) 



lie. 

Nt (MHz) + N 2 (x100 kHz) + N 3 (x25 kHz) 
:ncy range = 5 MHz 



Figures shown in parenthesis 
refer to example. 
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FIGURE 9 - TYPICAL 23-CHANNEL CB FREQUENCY SYNTHESIZER FOR DOUBLE CONVERSION TRANSCEIVERS 



To 455 kHz 
IF 



10.24 MHl 



26.96S-27.255 
(28.605) MHz 



Flrtt Mixer 



NOTE. 

1. 10 kHz Channel Spacing 

2. Expandable to 16S channel. 
(Expanded frequencv range 

i) 



15.36 MHz 




I 



16.270-16.660 (17.910) MHZ 



Lodk Detector 



C14568*B 1 



□ 



Loop Low 
Pass F liter 



.91-1.20 (2.55) MHz 



N = 91-120 (255) MHz / 



Down 
Mixer 



vdd- 



O 
RCV 



(Trantmit Onlv) 



To Transmitter 

26.965-27.255 
(28.605) MHz 



® 



MOTOROLA 



MC14573 
MC14574 
MC14575 



QUAD PROGRAM MABLE OPERAT IONAL AMPLIFIER 
QUAD PROG RAMMABLE CO MPARATOR 
DUAL/DUAL PROGRAMMABLE 
AMPLIFIER-COMPARATOR 



The MC14573, MC14574, and MC14575 are a family of quad opera- 
tional low power amplifiers and comparators using the complementary 
P-channel and N-channel enhancement MOS devices in a single 
monolithic structure. The operating current is externally programmed 
with a resistor to provide a choice in the tradeoff of power dissipation 
and slew rates. The operational amplifiers are internally compensated. 

These low cost units are excellent building blocks in consumer, in- 
dustrial, automotive and instrument applications. Active filters, voltage 
reference, function generators, oscillators, limjt set alarms, TTL-to- 
CMOS or CMOS-to-CMOS up converters, A-to-D converters and zero 
crossing detectors are some applications. These units are useful in both 
battery operated and „, 

• Low Cost Quads 

• Power Supply - Single 3.0 to 15 Vdc 

Dual ±1.5 to ±7.5 Vdc 

• Wide Input Voltage Range 

• Common Mode Range 0.0 to VqD - 2.0 Vdc for Single Supply 

> with One or Two 

Resistors 



CMOS MSI 

QUAD PROGRAMMABLE 
OPER ATIONAL AMP LIFIER 
QUAD PROGRAMMABLE 
COMPARATOR 
DUAL/DUAL PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER-COMPARATOR 
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MAXIMUM RATINGS (Voltages referenced to Vss> 




Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0.5 to + 18 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.5 to VQD +° 5 


Vdc 




DC Current Drain per Pin 




10 


mAdc 


i 


Programming Current Range 


'Set 


2 


mA 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to + 150 


°C 


Package Power Dissipation* 


p D 


800 


mW 


•Derate above 25°C <a 4.6 mW/»C 









This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields; however, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recom- 
mended that V jn and V oul be constrained to the 
range V ss -s (V m or V ou ,l -s V DD 




RECOMMENDED OPERATING RANGE 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 




vqd 10 v ss 


+ 3.0 to + 15 


Vdc 


Programming Current VrjD = 3 V 

5V < V 0D < 15V 


Set 


2 to 50 
2 to 750 


** 


OPERATIONAL AMPLIFIER ELECTRICAL CHARACTERISTICS (l Set = 20 „A, fl 


L = 10 MB, C L = 15 pF, T A = 25°CI 


Characteristic 


Symbol 


v D d 

Vdc 


Min 


Typ 


Max 


Unit 


Input Common Mode Voltage Range 


V|CR 


3 
5 
10 
15 







o 


_ 


1.5 
3.5 
8.5 
13.5 


Vdc 


Output Voltage Range 
RL = 1 MO to Vss 




, 

VOR 


3 
5 
10 
15 


0.05 
0.05 
0.05 
0.05 


- 

- 


2.95 
4.95 
9.95 
14.90 


Vdc 


Input Offset Voltage 
MC14573, MC14575 




VlO 


3 
5 
10 
15 


- 


±5 
±8 
±10 
±10 


±30 
±30 
±30 
±30 


mVdc 


Average Temperature Coefficient of V|q 


AV| /AT 






15 




■iV/°C 


Input Capacitance 





C,n 






5 


10 


pF 


Input Bias Current 




Ha 






1 


50 


PA 


Input Bias Current 


T A = -40°C to + 85°C 


'IB 








1 


nA 


Input Offset Current 




no 








100 


pA 


Open Loop Voltage Gain 




V = 1 V p-p 
V = 3 V p-p 


AVOL 


3 
5 


2 
8 


8 
10 




V/mV 




V = 6 V p-p 






10 
15 


8 




V - 9 V p-p 






8 


12 






Power Supply Reiection Ratio 
MC14573, MC14575 


PSRR 


3 
5 
10 
15 


45 
54 
54 
54 


57 
67 
67 
67 




dB 


Common Mode Rejection Ratio 
MC14573. MC14575 


CMRR 


3 
5 
10 
15 


45 
50 
54 
54 


70 
73 
75 
76 




dB 


Output Source Current 

voh = vdd -o.6v 




'OH 




56 


80 




*A 


Output Sink Current 
Vin+=VDD/2 + 0.5 
Vin - =V DD /2-0.5 


v 0L - 0.4 v 
Vql - o.4 v 
Vql - o.5 v 
Vql = 15V 


'OL 


3 
5 
10 
16 


2.1 
2.5 
5.5 
15 


42 

5.0- 
11.0 
30 




mA 


Slew Rate 


SR 




06 


0.8 




V/pS 


Unity Gain Bandwidth 


Qbw 


5 


0.5 


1 




MHz 


Phase Margin 








45 




Degrees 


Channel Separation 








80 




dB 


Supply Current Per Pair IR L 


_-_») 


too 






260 


340 
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OPERATIONAL AMPLIFIER ELECTRICAL CHARACTERISTICS (l Set = 200 pA R L = 10 MB C L = 15 pF T A - 25-C) 



Characteristic 


Symbol 


VDD 
Vdc 


Min 


Typ 


Max 


Unit 


Input Common Mode Voltage Range 




V ICR 


5 
10 
15 







— 


3 
8 
13 


Vdc 


Output Voltage Range 
R[_ = 100K to V S s 




V R 


5 
10 
15 


0.1 
0.1 
1 


- 


4.8 
9.8 
14.8 


Vdc 


Input Offset Voltage 
MC14573, MC14575 




V| 


5 
10 




±8 
± 10 
± i* 


±30 
±30 
±30 


mVdc 








15 






Average Temperature Coefficient of V|Q 




AV|0/AT 






20 




iiV/°C 


Input Capacitance 




- 


- 


5 


10 


PF 


Input Bias Current 




la 


- 


- 


1 


50 


pA 


Input Bias Current 




T A = -40°C to +85°C 


'IB 








1 


nA 


Input Offset Current 


l|0 








100 


pA 


Open Loop Voltage Gain 


V = 3 V p-p 
Vo = 6 V p-p 
V = 9 V p-p 


AVOL 


5 
10 
15 


1 
1 

1 


2 
3 
4 


- 
- 


V/mV 


Power Supply Rejection Ratio 
MC14573, MC14575 


P9RR 


5 
10 


45 
54 


54 

67 


- 


dB 








15 


54 


67 






Common Mode Rejection Ratio 




CMflR — 


5 


40 


55 




dB 


MC14573, MC14575 






10 
15 


50 
50 


67 
70 






Output Source Current 


VOH - V D D " l-SV 


'OH 




550 


800 




•A 


Output Sink Current 


V 0H = 0.4 V 
V 0H - 0.5 V 
VQH = 15V 


lOL 


5 
10 
15 


2.2 
5.0 
15 


4.2 
10.0 
30 




mA 


Slew Rate 


Sr 




5 


7 




V/^s 


Unity Gain Bandwidth 


Gbw 


5 


1.5 


3 




MHz 


Phase Margin 


*M 






48 




Degrees 


Channel Separation 








80 




dB 


Supply Current Per Pair (R|_ = oo) 




'DO 






2.6 


3.4 


mA 
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MC1 4573* MC1 4574* MC1 4575 



COMPARATOR ELECTRICAL CHARACTERISTICS ll Se t = 20 pA, R L 


. 10 MO, C L = 


50 pF, Ta = 25°CI 






Characteristic 


Symbol 


vdd 

Vdc 


Min 


Typ 


Max 


Unit 


Input Common Mode Voltage Range 




— 

V ICR 


3 

5 

'c 





J 




1 5 
3.5 
8.5 


Vdc 






15 







13.5 




Output Voltage Range 
"0" Level 


VOL 


3 

5 








05 
0.05 


Vdc 








10 
15 


_ 






0.05 
0.05 




Output Voltage Range 


VOH 


3 


2.95 


3 


- 


Vdc 


"1" Level 






5 


4.95 


6 


- 










10 


9.96 


10 






















15 


14.95 


15 






Input Offset Voltage 
MC14574, MC14575 


VlO 


3 
5 


- 


CO CO 


±30 
±30 


mVdc 






10 


- 


±10 


±30 








15 





±10 


±30 




Average Temperature Coefficient of Viq 


AV|0/AT 






15 


— 


fMfC 


Input Capacitance 


Cin 


_ 


_ 


5 


10 


pF 


Input Bias Current 


'IB 






1 


50 


pA 


Input Bias Current - 


-40°C to +85°C 


MB 








1 


nA 




i.^ 
MO 








100 


nA 


Input Offset Current 








PA 


Open Loop Voltage Gain 




vol 


3 
5 
10 
15 


1 
1 
1 
1 


20 
10 
6 
6 


- 


V/ mV 


Power Supply Rejection Ratio 




PSRR 


3 


46 


57 




dB 


MC14674, MC14575 






5 


54 


67 










10 


54 


67 










16 


54 


67 






Common Mode Rejection Ratio 
MC14575, MC14575 




CMRR 


3 


46 


55 


- 


dB 






5 


50 


65 












10 


54 


67 












15 


54 


67 


- 




Output Source Current 


V H = 2.°V 


lOH 


3 


-0 35 


-066 




mA 




V H = 2.5 V 




5 


-2 5 


-5.0 








V H = 4.6 V 
V H = 9 5 V 




5 
10 


-0.60 
-1.3 


- 1.1 
-2.5 








V 0H = 13.5 V 




15 


- 5 


-9.5 






Output Sink Current 


v l = 0.4 v 


IOL 


3 


1.3 


2.6 




mA 




v L = 0.4 v 
vql = o.5v 
vql - 1-5 v 




6 
10 
15 


1.9 
3.5 
14 


3.8 
6.5 
25 






Output Rise and Fall Time, 100 mV Overdrive 




ITLH, 


3 




140 


. 1 . 


ns 






tjHL 


5 
10 
15 




100 
120 
140 


180 
200 
250 




Propagation Delay Time, 5 mV Overdrive 




Id 


3 
5 
10 
15 




15 
10 
12 
15 


30 
20 
24 
30 


f« 


Propagation Delay Time, 100 mV Overdrive 




<d 


3 
5 
10 
15 




4 

2 
3 
4 


8 
4 

6 
8 


*s 


Channel Separation 








80 




dB 


Supply Current, Per Pair 


'DD 






180 


260 


„A 
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COMPARATOR ELECTRICAL CHARACTERISTICS U Se t = 200 ^A, R L = 10 MO, C L = 60 pF. T A = 25°C) 



Characteristic 


Symbol 


vdd 

Vdc 


Mm 


Typ 


Max 


Unit 


Input Common Mode Voltage Range 




V ICR 


5 
10 
15 




o 






3 
8 
13 


Vdc 


Output Voltage Range 
"0" Level 





Vql 


5 
10 
15 


- 








0.05 
0.05 
0.06 


Vdc 


Output Voltage Range 
"1" Level 


Vqh 


5 

10 


4.95 
9.95 


5 
10 




Vdc 




15 


14.95 


15 


- 




Input Offset Voltage 
MC14574, MC14675 







5 
10 
15 


_ 
_ 
- 


± 10 
±13 
± 15 


±30 
±30 
±30 


mVdc 


Average Temperature Coefficient of V|Q 


-40"Cto +85°C 


AVioMT 






20 




li\l/°C 


input Capacitance 


c in 






5 


10 


pF 


Input Bias Current 


Ifr 
■r a 






1 


50 


pA 


Input Bias Current 


-40°Cto +85 °C 


ks 


- 


- 




I 


nA 


Input Offset Current 


■to 




- 


- 


100 


pA 


Open Loop Voltage Gam 




AVOL 


' 

10 
15 


2 
1 
1 


7 
4 
4 


- 
- 


V/mV 


Power Supply Reiection Ratio 




PSRR 


5 


46 


67 




dB 


MC14574, MC14576 






10 


54 


67 


- 










15 


54 


67 






Common Mode Rejection Ratio 




CMRR 


5 


40 


65 


- 


dB 


MC14574, MC14575 






10 
15 


50 
50 


67 
67 


- 
- 




Output Source Current 


VoH = 2 5 V 


lOH 


3 


-2.5 


-5.0 




mA 




V 0H - 4.6 V 
V H - 9 5 V 




5 
10 


-0.60 
-1.3 


- 1.1 
-2.5 


- 






V 0H = 13 5 V 




15 


-5.0 


- 9 5 






Output Sink Current 


v l = 0.4 v 


lOL 


5 


1 9 


3.8 




mA 




Vol = 0.5 v 
vql = i5v 




10 
15 


3 5 
14 


6.5 
25 






Output Rise and Fall Time. 100 mV Overdrive 




tTLH. 
1THL 


5 
10 
15 




75 
50 
45 


150 
100 
90 


ns 


Propagation Delay Time, 5 mV Overdrive 




Id 


5 




2.5 


5.0 


MS 








10 




3.5 


7 










15 




5 


10 




Propagation Delay Time, 100 mV Overdrive 




'd 


5 
10 
15 




0.6 
0.75 
75 


1.2 
1.5 
1.5 


MS 


Channel Separation 










80 




dB 


Supply Current, Per Pair 




too 






1.8 


2.5 


mA 
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The programming current l$et is f' xe d by an external 
resistor Rset connected between Vss an d either one or 
both of the Iset pins (8 and 9). When two external program- 
ming resistors are used, the set currents for each op amp pair 
or comparator are given by: 



'Set IfA) 



VDD-VSS-15 



RSet IMQI 

Pins 8 and 9 may be tied together for use with a single pro- 
gramming resistor. The set currents for each op amp pair or 
comparator pair are then given by: 

V DD" VSS- 15 
ISet A. B = l Set C, l„A) « 2 r Sm (MB , 

The total device current is typically 13 times Iset Per pair if 
the outputs are in the low state, and 5 times I Set P er P a " if 
the outputs are in the high state. For op amps with an output 
in the linear region the device current will be between the 
values of 5 times and 13 times Iset- 








2 4 6 8 10 12 14 16 
WOO. SUPPIY VOLTAGE (VOLTS) 

OPEN LOOP VOLTAGE GAIN versus ls e t 
3671 23571 23571 2 




If a pair of op amps is not used, the Iset P' n ,or ibat pair 
may be tied to Vqd f ° r minimum power consumption. To 
minimize power consumption in an unused pair of corn- 



s' ■ 

_ d be noted that increasing Iset for comparators will 
e propagation delay for that comparator. 
For operational amplifiers, the maximum obtainable out- 
put voltage (Voh> for a given load resistor connected to 
Vss is given by: 

V H = 4xlSetxFtL-0.05 V, R L in Q, ISet in A 

H Max = VDD 

Typical op amp slew rates are given by: 

Sr = 0.04 Iset (V/msI, Iset in fA 

SET CURRENT versus TEMPERATURE 




1000 



-3- 100 



-55 



TEMPERAT0RE I0°CI 



85 



GAIN-BANDWIDTH PRODUCT versus l Se t 
7 1 2 3 5 7 1 2 3 5 7 1 2 3 











































b 








































































i — 






















15 




1C 
5 


V 









— 




































. — 




















































































































U 1 

























10 ("A 



100 pA I^A 
ISel. PROGRAMMING CURRENT 



lSet 
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SLEW RATE versus Iset 

3 S 7 1 2 3 i 1 1 2 3 5 7 1 




10 100 jiA 1l 

l Se t. PROGRAMMING CURRENT 



COMPARATOR PROPAGATION DELAY versus Iset 
( ±50 mV OVERDRIVE) 
1 2 3571 23571 2 357 




10 pA 100 /iA li 

lSet- PROGRAMMING CURRENT 



OPEN LOOP GAIN versus FREQUENCY 
Vdd-5 V 



OPEN LOOP GAIN versus FREQUENCY 

vdd-io* 















IS.,-20"^ 






















'Set- 


ioo ilH x 
































































































10 100 Ik 10 k 100 k II 

FREQUENCY (Hi) 



1 

k„.-20 „A 























- Iset-20C 

















































• ■ 












1 








































10 100 Ik 10 k 100 k 1M 10 M 
FREQUENCY (Hil 



OPEN LOOP PHASE DELAY versus FREQUENCY 
Vqd-5 V 



| 

CO 

a 
£ 

-100 




IS.t-200 /.A 



ISW-20M 




OPEN LOOP PHASE DELAY versus FREQUENCY 
VflD-'OV 



10 100 Ik 10 k 100 k 1 M 10 M 



-200. 

















































1-200 fiA 














20 pA 











10 100 Ik 10 k 100 k 1M 10 M 
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SMALL SIGNAL TRANSIENT RESPONSE 
V DD = 10 V NON-INVERTING UNITY GAIN 
l Se t = 200 fA V in AVERAGE = 5 V 


















































r— 


































+++4- 








-H-H- 










ml 




































r 








































/ 





500 nslDIVISION 



SMALL SIGNAL TRANSIENT RESPONSE 
Vqo= 10 V NON-INVERTING UNITY GAIN 
ISet = 20 iiA V in AVERAGE = 5 V 



: ij/V ' 

500 ns/DIVISION 



EQUIVALENT INPUT NOISE VOLTAGE IE N | versus FREQUENCY 




LARGE SIGNAL TRANSIENT RESPONSE 
V DD = 10 V NON-INVERTING UNITY GAIN 
l S « = 200 M A V in AVERAGE = 5 V 



500 nslDIVISION 

LARGE SIGNAL TRANSIENT RESPONSE 
V D D= 10 V NON-INVERTING UNITY GAIN 
ISet = 20 ,.A V in AVERAGE - 5 V 



500 



TYPICAL INPUT LEAKAGE versus TEMPERATURE 
VDD=16 V Vj n = 7.5V 



100 k 




20 40 60 60 100 
TEMPERATURE TO 
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COMPARATOR PROPAGATION DELAY versus OVERDRIVE* 
VqD = 10 V, tpi_H and tpHL 

100F 




40 50 60 70 80 90 100 
OVERDRIVE ImVI 



'A 10 mV overdrive it a signal on one kip 
ol a comparator that ranges Irom 10 r 
less than the other input to 10 mV ma 
than the other input. 
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MC14580B 





4x4 MULTIPORT REGISTI 

The MC14580B is a 4 by 4 multiport register useful in small 
scratch pad memories, arithmetic operations when coupled with an 
adder, and other data storage applications. It allows independent 
reading of any two words (or the same word at both outputs) while 
writing into any one of four words. 

Address changing and data entry occur on the rising edge of the 
clock. When the write enable input is low, the contents of any word 
may be accessed but not altered. 

• Logic Swing I 

• No Restrictions 

• 3-State Outputs 

• Single Phase Clocking 

• Quiescent Current = 10 nA/package typical @ 5 Vdc 



ndependent of Fanout 
nson Clock Input Rise or Fal 



• Ca 



• Supply Voltage Range = 3.0 Vdc 

ble of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tem| 
ature Range. 





MAXIMUM RATING 



Compatible with CD40108 




CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSI 

4x4 MULTIPORT REGISTER 



Voltages referenced to Vsg) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


v DD 


-0 5 to +18 


Vdc 


Input Voltage, All Inputs 


v in 


-0.5 to Vdd + 5 


Vdc 


DC Current Drain per Pin 




10 


m Adc 


Operating Temperature Range - AL Device 
CL/CP Device 


Ta 


-55 to +125 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 
I 


°C 



BLOCK DIAGRAM 



WO W1 R0 A R1 A R0 B R1 E 
I I 1 




Word B 
Output 









L SUFFIX 


CERAMIC PACKAGE 




CASE 623 


24^ 






P SUFFIX 


PLASTIC PACKAGE 




CASE 709 


ORDERING INFORMATION 


MCHXXXB 


Suffix Denote! 




|— L Ceramic Package 




' — P Plastic Package 




A Extended Operating 




Temperature Range 




— C Limited Operating 




Temperature Range 



PIN ASSIGNMENT 



21= 

3 



12 C= 



W 

Q 3B V od 

Q2 B Q1 B 
3-StateA 

Q0 A 3 State B 



Q1 A 
Q2 A 
Q3 A 
Write 
Write 1 
Read 1 B 



DO 
Ol 
D2 
D3 
C 
WE 



Read B Read 1 A 
V S S R « d °A 



ZD 23 
ZD 22 
=D21 
20 
19 

1 18 

17 
16 
15 

)* 

13 



V DD - Pin 24 
V SS - Pin 12 
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ELECTRICAL CHARACTERISTICS 







V D D 


T|ow* 


25°C 




gh 




Characteristic 


Symbol 


Vdc 


Mm 


Max 


Mm 


Typ 


Max 


Min 


Max 


Unit 


Output Voltage "0" Level 


v OL 


5.0 




0.05 







0.05 




0.05 


Vdc 


V.„ Vnn or 
v in Uu 




10 


~ 


0.05 


- 





0.05 




0.05 








15 




0.05 


- 





0.05 




0,05 




•\" Level 


— _ 

v OH 




4 - 


- 


4.95 


5.0 


- 


4.95 




Vdc 


V or Vr\r\ 
v in u Ul v DD 




^0 


9.95 


- 


9.95 


10 


- 












15 


14.95 


- 


14.95 


15 


- 








Input Voltage" "0" Level 


V IL 














— — 




Vdc 


(Vq 4 5 or o.5 Vdc) 




5 




1.5 




2 25 


1.5 




1 .5 




ivq or i .u vac I 




10 




3.0 




4.50 






3.0 




(Vq ■ 13.5 or 1.5 Vdc) 

"I" Level 




15 




4.0 




6.75 


4 n 




4.0 




V| H 












- 








(Vq • 0.5 or 4 5 Vdc) 




5.0 


3 b 




3 5 


2.75 




3.5 




Vdc 


(Vq ; 1.0 or 9.0 Vdc) 




10 


7.0 




7.0 


5.50 


- 


7 






(Vo = 1 .5 or 13.5 Vdc) 




15 


1 1 .0 




1 1 .0 


8 25 




110 








j 

■OH 


















mftd< . 


< V 0H = 2.5 Vdc) Source 




5 


-3.0 




-2.4 


-4.2 




-1.7 






(Vnn =- 4 6 Vdc) 




5.0 


-0.64 




-0.51 


-0.88 




-0.36 






(V H " 9.5 Vdc) 




10 


-1 .6 




-1 .3 


-2.26 




-0.9 


L 




(Vqh-13.5 Vdc) 

(V 0L - 0.4 Vdc) Sink 




16 


-4.2 


_ 


-3.4 


-8.8 




-2.4 


- 




'OL 


5.0 


0,64 




0.51 


88 




036 


- 


m Adc 


(v ou * 5 Vdcl 




10 


16 


_ 


1.3 


2.25 


_ 


0.9 


- 




(Vol * Vd cl 




16 


4.2 


_ 


3.4 


88 


- 


2.4 


- 




Output Drive Current ICL/CP Device) 


'OH 


















m Adc 


(Vqh ' 2 5 Vdcl Source 




5.0 


-2.5 




-2.1 


-4.2 " 




-1.7 






IV H " «-6 Vdc) 




5.0 


-0.52 




-0.44 


-0.88 




-0.36 


: 




IV OH = 9 5 Vdcl 




10 


-1.3 


_ 


-1.1 


-2.25 


_ 


-0.9 






(Vqh " '3.5 Vdc) 




15 


3.6 


- 


-3.0 


-8.8 


- 


-2.4 


- 




(V 0L = 0.4 Vdcl Sink 


'OL 


5.0 


0.52 


- 


0.44 


0.88 




36 


- 


m Adc 


(V OL * 0.5 Vdc) 




10 


1.3 


- 


1.1 


2 25 




0,9 


- 




IVql - 1 5 Vdc) 




15 


3.6 


- 


3.0 


8.8 




2 4 






Input Current (AL Device) 


l,n 


15 




•0 1 




i 00001 


•0 1 


- 


• 1.0 


MAdc 


Input Current (CL/CP Device) 


l,n 


15 




*03 




±0 00001 


4 0.3 




tl.O 


MAdc 


Input Capacitance 


C,„ 










5 


7.5 






pF 


IV, n * 0) 






















Quiescent Current (AL Device) 


■ 

'DO 


5.0 




5 




0.010 


5 




1 50 




(Per Package) 


10 




10 




0.020 


10 




300 
600 






15 




20 




0.030 


20 


- 




Quiescent Current (CL/CP Device) 
(Per Package) 


'DD 


6.0 
10 




50 




0.010 


50 




375 


MAdc 




100 




0.020 


100 




750 






15 




200 




0.030 


200 




1500 




Total Supply Current " * T 


'T 


5.0 






l T (1.18 nA/kHzl I <■ l DD 






MAdc 


(Dynamic plus Quiescent, 




10 






l T « (1.91 nAlkHz) t » l DD 








Per Package) 




15 






l T = (2.67 „A/kH*> f » l D D 








(Cl " 50 pF on all outputs, all 






















buffers switching) 






















Three-State Leakage Current 


'TL 


15 




sO 1 




•0 00001 


1 0.1 




• 3.0 


MAdc 


(AL Device) 






















Three-State Leakage Current 


'TL 


15 




±1 




•0 00001 


! 1.0 




t7.5 


MAdc 


(CL/CP Device) 























" T low = -&5°C for AL Device, -40°C for CL/CP Device. 

T h.gh ■ +125°C *or AL Dev.ce, *85°C for CL/CP Device. 
cNoise immunity specified for worst-case input combination. 
Noise Margin for both "1" and "0" level = 1 .0 Vdc min @ Vqd "5.0 Vdc 

2.0 Vdc min @ V DD - 10 Vdc 
2 5Vdcmin@V DD = 15 Vdc 
tTo calculate total supply current at loads other than 50 pF ! 
I T (C L ) = l T (50 pF) + 4 x 10-3 (C L -50) V DD f 
where: It >s in wA (per package). C L in pF, V DD in Vdc. and f in kHz is input frequency. 
"The formulas given are for the typical characteristics only at 25°C 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj n and 
V out be constrained to the range Vjyj < 
<VjnOr VoutX V DD . 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g.. either 
Vss o f Vdd' 
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SWITCHING CHARACTERISTICS* (C L = 50pF,T A = 25°C) 



Characteristic 


Symbol 


VDD 


Min 


Typ 


Max 


Unit 


Output Rise Time 




'TLH 










ns 


*TLH = ,3 n s/pF> C L + 30 ns 






5.0 


- 


100 


200 




tjLH = H J ns/pF) Ci_ + 15 ns 






10 




50 


100 




t-fLH = fl.1 ns/pF) C L + 10 ns 






15 


- 


40 


80 




Output Fall Time 




<THL 










ns 


tTHL 3 H.5 ns/pF) C L + 25 ns 






5.0 


- 


100 


200 




tjHL = 10 - 75 ns/pF) C L + 12.5 ns 






10 


- 


50 


100 




tjHL = (0-55 ns/pF) Cj_ + 9.5 ns 




15 




40 


80 




Propagation Delay Time, Clock to Output 
tpHL, *PLH = H.7 ns/pF) C u + 1415 ns 
tpHL^ l PLH * (0- 66 n s/pF) C L + 467 ns 




5.0 
10 


- 


1500 
500 


4500 
1500 


ns 


*PHL, >PLH * (0.5 ns/pF) C|_ + 325 ns 






15 


- 


350 


1125 




Write Enable Setup Time 




su(WE) 


5.0 
10 
15 


- 
- 


800 
300 
180 


2000 
750 
5S0 


ns 


Write Enable Setup Time 


Isu(WE) 


5.0 


- 


-300 


+ 150 


ns 








10 




-100 


+ 75 








15 




-60 


+ 55 




Write Enable Hold Time 


'h(WE) 


5.0 




- 


-800 


-200 


ns 








10 




-300 


-75 










15 


- 


-180 


-45 




Address and Data Setup Time 




'sulD). 


S.O 


- 


150 


450 


ns 






'su(WI 


10 
15 


- 


70 
50 


210 
160 




Address and Data Hold TiAe 




'h(D). 


5.0 




160 


480 


ns 






'hlW) 


10 
15 




65 
50 


195 
150 




3-State Enable/Disable Delay Time'* 


'PHZ.'PLZ, 


5.0 




35S 


900 


ns 




'PZH ,'P2L 


10 




140 


350 










15 




85 


250 




Positive Clock Putse Width 




«WH 


5.0 




1000 


3000 


ns 


(minimum) 






10 
15 




350 
200 


1050 
800 




Negative Clock Pulse Width 






5.0 




400 


1200 


ns 


(minimum) 






10 
15 




85 
60 


255 
200 





" The formulae given are for the typical characteristics only. 
** Measured at the point of 10% change at output when the output load is 



1.0 n and 50 pF. 
FIGURE 1 - OUTPUT DRIVE CURRENT TEST CIRCUIT 






Sink Current 


Source Current 


Position of S1 


2 


1 


V GS * 




-v D o 


Wos- 


Vout 


Vout " V DD 
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v DDO- 



Pulse 
Generator 



Pulse 
Generator 



FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS (3 State Inputs are High) 



1 



we 
wo 



02 
_D3_ 



1 



a. 



1. 
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LOGIC DIAGRAM 

Hl B R0 B 




3 Slate B 



TRUTH TABLE 



Write 1 Wr.te Read 1 A Read A Read1 B Read B 3-StateA 3-StateB 



X 




— 



— 



1 



D n to 
word 

Word 

not 
altered 



1 



No 
Change 
R 

No 
Change 

No 
Change 
Contents 
of word 1 
displayed 
Contents 
Of word 1 
displayed d 



1 



No 
Change 
R 

No 
Change 

No 
Change 
Contents 
of word 2 
displayed 
Contents 
of word 2 
^Pi3ved_ 



R implies high resistance — 1 9 ohms. 
X = Don't care. 
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Advance Information 



DUPLEX MODE 32-SEGMENT LED DRIVER 

The MC144100 is a 32-bit serial data input to 32-segment LED 
driver realised in CMOS technology, designed for use in AC mains 
powered applications. The use of the 50760Hz mains to provide 
the two phase multiplexing ensures minimal radio frequency 
interference (RFI). 

• Minimal RFI from two phase sine wave multiplex driver 

• Suitable for radio/clock applications 

• Cascadable 

• On-chip bipolar NPN drivers 

• No on-chip decoder— for greater flexibility 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 



DUPLEX MODE 
32-SEGMENT LED DRIVER 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



FIGURE 1 - MC144100 BLOCK DIAGRAM AND PINOUT 



■ BITS SHIFT 
RF.GISTER 



YYYVYYVY 








- vss 
"bo 



Issue 3 March 1983 
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MAXIMUM RATINGS (Voltages referred to VsS. Pin 12) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


- 0.5 to 6.5 


V DC 


Input Voltage, All Inputs 


VlN 


-0.5 to VDD * 0.5 


V DC 


DC Current Dram per Input Pin 


1 


10 


mA 


DC Current Drain per Output Pin 


1 


50 


mA 


Output Voltage, Segment Output 


VSOFF 


V SS -6 to V D0 ■ 0.5 


V DC 


Operating Temperature Range 


Ta 


to 70 


c 


Storage Temperature Range 


TSTG 


-65 to 150 


c 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields: however, it is advised that normal 
precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it 
is recommended that V jn and V oul be constrained 
to the range V ss (V in or V out ) V DD . 
Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g. either Vgs or 

VddI- 



ELECTRICAL CHARACTERISTICS (T a - to 70 C) 



Characteristic 


Pin 


Condition 


Symbol 


Min 


Max 


Unit 


Supply Voltage 


12. 24 


V|N=°. l OUT = ° 


VDD 


3.0 


6.0 


V DC 


Supply Current 






IDD 




1.0 


mA 


Input Voltage High 


15, 13 


V|N=0. IOUT = 


VlH 


0.7 X VDD 




V DC 


Input Voltage Low 


14, 11 




VIL 




0.3 x vdd 


V DC 


Input Current 




vin = o to vdd 


UN 




1 


nA 


Input Voltage High 


10 




VlHS 


vdd - 5 




V DC 


Input Voltage Low 






VlLS 




VDD 2 


V DC 


Input Current 




vin = o to Vdd 


1 1 (MS 




10 


uA 


Output Drive Capability 


9 


vol = o.5v 


IOL 


200 




uA 






voh - vdd - o.6v 


lOH 


-200 






Voltage Drop 


1 to 8 


lOUT = 30mA, VDD 5V 


VDD - VSOH 




1.2 


V DC 




16 to 23 


IOUT = 10mA 


VDD - VSOH 




0.75 


V DC 


Leakage Current 




VOUT ■ 


IOFF 




0.1 


m A 


Power Dissipation 






PMAX 




500 


mW 


(on-chip) 















SWITCHING CHARACTERISTICS (Vdd = 5V i 10%, Ta = to 70 CI p]N ASSIGNMENT 



Characteristic 


Figure 


Symbol 


Min 


Max 


Unit 






rzi 24 














1 LZZ 


S8 


V D D 


Clock High Time 


2, 3 


tCH 


2 




MS 


2 IZT 


S7 


S11 


zzi 23 


Clock Low Time 


2, 3 


tCL 


2 




M* 


3 1= 


S6 


S12 


=] 22 


Clock Rise Time 
Clock Fall Time 


2, 3 


tCR 




2 


us 


4 LWZ 


S5 


S13 


=321 


2, 3 


tCF 




2 


MS 


5 CZ. 


S4 


S14 


=120 


Enable Lead Time 


2, 3 


tELead 


200 




ns 


6 CZ 


S3 


S15 


=□ 19 


Enable Lag Time 


2, 3 


tELag 


200 




ns 


7 C= 


S2 


SI 6 


=1 18 


Data Set-up Time 


2,3 


tDSup 


200 




ns 


8 LZZZ 


S1 


S17 


mi7 


Data Hold Time 


2, 3 


tDHold 


1 




MS 


9 1= 


Dout 


S18 




Serial Data Out Delay 




T DOUT 




1 


MS 


10 CZT 


Sync 


Din 


m 15 


Multiplexer Lead Time 


4 


tMLead 




10 


MS 


11 C= 


EN 


CLK 
control 


=3 14 


Multiplexer Lag Time 


4 


tMLag 




10 


MS 


12 LZZ 


VSS 


CLK in 


ZTI 13 
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CIRCUIT OPERATION 



The circuit operation can be followed by reference to 
the block diagram Figure 1. 

Data are fed serially into the circuit via the data input 
pin DIN, which is controlled by the CLOCK and chip 
enable, EN, pins-this latter enables the circuit when it is 
low i.e. at logical '0'. When EN goes high, to logical T, 
the clock idle state is stored in a latch; thus permitting the 
use of a positive or negative going clock. 

Four 8-bit words are loaded into a 32-bit shift register, 
made up of four 8-bit registers, when EN is low. At the 
next rising edge of EN the data in the shift register are 
loaded into latches. 

The shift in the register takes place on the falling edge 
of the clock when the clock control input, CLCONTR, is 
low, logical '0'. Conversely, when CLCONTR is high, 
logical '1 ', the shift takes place on the clock's rising edge. 
See Figures 2 and 3. 

Word number 1 is the first shifted and number 4 the 



last 



Multiplexing is controlled by the SYNC input whose 
switching threshold occurs just before the LED segments 
are turned on. A current limiting resistor is necessary for 
this input if the control signal swings outside the limits of 
VDD t °- 5v ,0 V SS - 0.5V. 

The relationship between the SYNC input and the 
displayed word is shown in the table below: 



Segments 


SYNC 


Word 


SA1 - SA8 


low 


1 


SA1 - SA8 


high 


2 


SB1 - SB8 


low 


3 


SB1 - SB8 


high 


4 



The output DOUT serves as a cascading output. 



Because decoding is a function of an external circuit, 
for example the microprocessor in a radio synthesizer 
application, there is no decoding circuitry in this device. 



IN PUT /OUTPUT FUNCTIONS 



DIN - (pin 15) This is the serial data input pin. 

DOUT - (pin 9) This is the cascading output. If desired 
this pin can be tied directly to the DIN pin (pin 15) of a 
further MC144100 for cascading purposes. 

CLOCK - (pin 13) This is the clock input and is able 
to accept a clock frequency of up to 250kHz. 

CLCONTR - (pin 14) The state of this pin determines 
whether the data are shifted on the rising edge, CLCONTR 
= logical T, or an the falling edge, CLCONTR = logical 
'0', of the clock signal. 

EN - (pin 11) This is the chip enable pin and is active 



when low, logical '0'. When high it causes the clock 
idle state, at the time of the positive going transition, to 
be stored in a latch. 

SYNC - (pin 10) The status of this input determines 
which of the four input words are displayed. See Table 1. 
If the control signal applied to this pin goes more positive 
than VDD + 0.5V or more negative than VSS - 0.5V an 
external current limiting resistor will be necessary. 

OUTPUT DRIVERS - (pins 1 to 8 & 16 to 23) These 
are on-chip NPN emitter followers each requiring an 
external current limiting resistor. In the off state they are 
protected against voltages down to VSS - 6V. 
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FIGURE 2 - TIMING DIAGRAM - CL CONTR HIGH 

a) POSITIVE CLOCK/RISING EDGE SHIFT ICL CONTR = HI / FALLING EDGE DOUT 




DIN 




D2 






l DSup 


'DHold 



per:: 



_I|_T OOUT 



bl NEGATIVE CLOCK/RISING EDGE SHIFT (CL CONTR > Hi / FALLING EDGE DOUT 



— \ 


k 


'Eload 






\ 


\" 1 
<CL 


f \ 
*CH 


C2 / 








> 




Dt 


X - 


'DSup 




'DHold 






IX 002 



._ T DOUT 



FIGURE 3 - TIMING DIAGRAM - CL CONTR LOW 

al POSITIVE CLOCK/FALLING EDGE SHIFT ICL CONTR = Ll , RISING EDGE DOUT 



'°su p| \ m i 




'° H . 







~ x~^ — x - 



Jdout 



bl NEGATIVE CLOCK/FALLING EDGE SHIFT ICL CONTR = L) / RISING EDGE DOUT 



Vi/ 



Dm 


01 


>< 


D2 


1 




•osup 


'dm 



X 







\ C3 V 




( D3! 


X 






J[dout 


X O032 


— 


X « 
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FIGURE 6 - APPLICATION EXAMPLE -4x8 SEGMENTS 



L3 



DIN SAI 



SYNC H 



8. nrr 8. 



Ml 



8.J*3 8. 



FIGURE 7 - APPLICATION EXAMPLE -2x16 SEGMENTS 







DIGIT n t-tt 
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TUNING MEMORY SYSTEM MEMORY CIRCUIT 

The MCM144102 is a 16-bit/1 6-word CMOS static RAM designed 
for consumer applications in conjunction with dedicated or MPU 
based systems. The chip consists of three control lines, one I/O pin, 
one chip enable pin and a single clock input. 

• Extremely low power consumption in the standby mode 

• Directly expandable to 32 words 

• Functionally compatible with the SMA 2001 non-volatile memory 

• Clock frequency: to 100 kHz 



CMOS 

(LOW-POWER COMPLEMENTARY MOS) 



TUNING MEMORY SYSTEM 
MEMORY CIRCUIT 



P SUFFIX 

PLASTIC PACKAGE 
CASE 626 



FIGURE 1 - BLOCK DIAGRAM AND PIN ASSIGNMENT 

I/O V SS c 3 c 2 



MULTIPLEX 





a. 


o 


BUFFE 





16 BIT SERIAL 
DATA REGISTER 



u. 




K 
UJ 


UJ 

1- 




o - 


REGIS 




DECO 


</> 
</> 




</> 
tn 


LU 

K 




UJ 

a 


ADC 




ADC 



H 



16x16 
MEMORY 



CONTROL 



— CLOCK 

— GEN. 



CE/PF 



VDD 



CLOCK 
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MAXIMUM RATINGS (Voltages referenced to V ss , Pin 7.) 



Rating 



DC Supply Voltage Range 



Input Voltage, All Inputs 



DC Current Drain per Pin 



Operating Temperature Range 



Storage Temperature Range 



ELECTRICAL CHARACTERISTICS 



Symbol 



i +0.5 to 
-0.5 



10 

-40 to +70 



>to +1 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vj n and V QUt be 
constrained to the range V S c < (V jn or 



v out' 



XV 



DD 



Characteristic 


Symbol 


VDD 




40 


°c 




25 °C 


1 


+ 70°C 


Unit 


Vdc 




Max 


Min 


Typ 


Max 


Min 




Output Voltage 






















V| N = V DD or OV "0" Level 


vol 


5V 


- 


0.05 


- 





0.05 


- 


0.05 


Vdc 


V, N = V DD or OV "1" Level 




5V 


4.95 




4.95 


5 




4.95 




Vdc 


Input Voltage "0" Level 


V IL 


















Vdc 


(Vq = 4.0V or 0.5V) 




4.5V 




1 .35V 






1 .35V 




1.35V 




(V = 4.5V or 0.5V) 




5.0V 


- 


1.5V 


- 


- 


1.5V 


- 


1.5V 




(V = 6.0V or 0.5V) 




6.5V 




1.95V 


- 


- 


1.95V 




1.95V 




"1 " Level 


V|H 


















Vdc 


IV = 0.5V or 4.0V) 




4.5V 


3.15 




3.15 






3.15 






(V = 0.5V or 4.5V) 




5.0 V 


3.50 




3.50 






3.50 






IV = 0.5V or 6.0V) 




6.5V 


4.55 




4.55 






4.55 






Input Current lall inputs) 






















Low V| N = OV 


'|L 


6.5V 




- 1 






- 1 




- 1 


MAdc 


High 


'IH 


6.5V 




1 






1 




1 


MAdc 


Output Current. 






















(Data I/O) 






















Vqh = V DD - 0.8V Source 


'oh 




-2 




- 1.4 






- 1 




mAdc 


VOL = 0.8V Sink 


>OL 




2 




1.4 






1 




mAdc 


Tri-state output 






















(Data I/O Leakage Current) 






















V T = V DD 


't.H 






1 






1 




1 


MAdc 


v 0T = OV 


'tl 






- 1 






- 1 




- 1 


MAdc 


Quiescent Current 






















Operating 


iddop 


5V 




50 






50 




350 


MAdc 


Standby 


'ddstb 


1.2V 




10 






10 




80 


MAdc 
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SWITCHING CHARACTERISTICS (T A = to 70 °C, V DD = +4.5 to +6.5V) 



Parameter 


Pin 


Symbol 


Min 


Typ 


Max 


Unit 




















Clock Frequency (f^L = 1/ l CL* 
Clock Hold Time High 
Low 

Clock Rise and Fall Time 


3<D 


<CL 
*CLH 
l CLL 
( CLF 


4 

4 




100 
20 

1 


kHz 
MS 
MS 
MS 


Write Time (per word) 
Read Time (per word) 




'WRITE 

'read 


1 clock 
cycle 

1 clock 
cycle 










Data Out Delay 


8<3> 


,,(2) 


50n 




3 


MS 


Data In Set Up Time 
Instruction Set up Lead 
Lag 


4.5.6< 1 > 


'2 

«3- 

'4 


2 
2 

50 




MS 
MS 
ns 




. 




1 













NOTES : 

1 The maximum pin capacitance is 10pF to Vgg for : , C3 and clock 
1 tj applies only during data transition as the data format is NRZ 
3 The output external loading capacitance win be 10pF (max) 



INPUT/OUTPUT FUNCTIONS 



READ — The memory can store up 16, 16-bit words, with 
all functions controlled by a 3-bit parallel instruction 
bus and an applied clock, which may be free running. 

A READ instruction, presented for one clock period 
moves data from memory and parallel loads it in to the 
shift register. 

A SERIAL DATA OUT instruction, presented for 16 
clock pulses, causes the data to be moved out of the chip 
on the 1/0 bus. During this time the data are internally 
recirculated to allow further read out without accessing 
the memory array. 

WRITE - This is basically the inverse of READ. The 
address can be changed and data serially loaded in to the 
chip over 16 clock cycles. The WRITE instruction, 
presented for one clock period, shifts the data in to the 
selected address in the memory array. 

CLOCK — This is active high. In all modes, other than 
WRITE, the memory array remains undisturbed by the 
presence, or absence, of signals on the clock line. 

POWER FAIL/CHIP ENABLE - Only when this dual 
purpose pin is high, = 1, is the chip selected. At all 
other times, including low power conditions, the memory 
is disabled thus avoiding erroneous data transfer and 
excessive drain on the standby battery due to intermediate 
levels on the inputs. 



STANDBY — When this instruction is received the memory 
goes in to a quiescent state, when only a 1.2V battery 
is necessary to supply the device's modest power 
requirements. 

INSTRUCTION SEQUENCES - The READ and WRITE 
instructions need to be presented for one clock cycle only. 
All instructions, except SERIAL DATA OUT, force the 
output data driver to a high impedance state. 



TABLE 1 - INSTRUCTION CODES 



C1 C2 C3 



INSTRUCTION 



CLOCK FREQUENCY 
MIN MAX 



1 


1 


1 


Standby 





100kHz 





0. 


1 


No operation 









1 





Write 





100kHz 





1 


1 


Serial Data Out 





100kHz 











No Operation 
Serial Address In 






1 











100kHz 


1 





1 


Serial Data In 





100kHz 


1 


1 





Read 





100kHz 



1=high 0=lpw 
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MCM144102 



CLOCK 



FIGURE 2a - TIMING DIAGRAM (GENERAL) 



tCL 



tCLH 



INVALID 



DATA OUT 



DATA IN 



tCLL 



-VIH 

-- VIL 



STABLE 

i 1 

I 



Note: Figure 2A defines VH and VL levels for all figures 



FIGURE 2b - TIMING DIAGRAM (SERIAL ADDRESS IN) 



r\ c 



C1.C2.C3 



I/O 



t2 



SERIAL ADDRESS IN (4 CLOCKS) ) (~ 



y AD.BITl")( AD.BTT2 )( AD. BIT 3 ^^ADBTM 
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FIGURE 2c - TIMING DIAGRAM (READ & SERIAL DATA OUT) 



■Hits ! ^ r« ! 



C1.C2.C3 j~)^REAO ^ I SERIAL DATA OUT (16 CLOCKS) 

i *rr 



-//- 



X 



I/O 



| HIGH IMPEDANCE J v/ >. / /— 

<j OATAB1 X^DATABZ X j . 



FIGURE 2d - TIMING DIAGRAM (SERIAL DATA IN) 



clock \ ■ . ( \ ■ 



C1.C2.C3 




/ 1 
: h- 



rv 



SERIAL DATA IN (« CLOCKS) 



/• X | [P ATABI X°*TAB7..//.15 ) (~° ^AB16 X 



FIGURE 2e - TIMING DIAGRAM (WRITE) 
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MOTOROLA 



MC144104 



Product Preview 



i 



HIGH PERFORMANCE INFRARED REMOTE 
CONTROL TRANSMITTER 



Delta Modulated FSK Coding 
Error Protected Codes 
1 2-Bit Data Word plus Parity Bit 
1 024 Commands 164 x 1 6) 
Option Pin for Expansion to 4096 Commands (64 x 64I 
Simple Infrared LED Driving Circuit 
Local Data out Pin 
Very Low Duty Cycle (typ 0.33%) 
4-10 V Supply 

Ideal Transmitter for MCI 441 24 Receiver 
Protected against Multiple Key Operation Malfunction 



CMOS 

(LOW-POWER COMPLEMENTARY MOS) 

HIGH PERFORMANCE REMOTE 
CONTROL TRANSMITTER 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



OSC 



Keyboard 
Inputs 



Address 
Inputs 




-CB 
-CC 
■CD 
-CE 
-CF 
-CG 
-CH 



■ Signal 
Data Out 



Scanner 
Outputs 



VDD v ss 
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MOTOROLA 



Mr X ▼ J.*5 



MCI 441 05 



INFRARED REMOTE CONTROL TRANSMITTER 

Biphase AM Coding 

9-Bit Data Word 

8 Pages of 64 Commands 

EOT Word Sent before and after Each Command 
Protected against Multiple Key Operation Malfunction 
LC or Ceramic Oscillator 
Low Standby Current 
Low Duty Cycle 
4-10 V Supply 

Ideal Transmitter for MC1 441 22 Receiver 
Simple Infrared LED Driving CKT 



CMOS 

(LOW-POWER COMPLEMENTARY MOSI 

INFRARED REMOTE 
CONTROL TRANSMITTER 



20 




P SUFFIX 

PLASTIC PACKAGE 
CASE 738 



Row 
Inputs 



Signal| 
R5Q 
R2Q 

Alt 
R6Q 
R8[~_ 

R3^ 

vssd 



PIN ASSIGNMENT 
\J 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 





□Vqq 
9 ~JOSC 
8 □CD 

7 □CF 

□ CG 

3cc 

^CB 

□ CE 
2 □CH 

1 1 ^Page Input 




Column 
Outputs 
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QUAI 



D & HEX D/A CONVERTERS 



MC144110/1 



The MC 144110 and MC 144111 are hex and quad static, D/A 
converters realised in CMOS technology. Each converter, featuring 
6-bit resolution, consists of a 6-bit shift register, 6-bit latch and a 
static D/A converter. 

• 4/6 direct R-2R network outputs 

• 4/6 emitter follower outputs 

• MPU compatible input levels 

• Serial data input 

• Data cascade output 

• Wide operating voltage range of 4.5 to 15 Vdc 



CMOS 



QUAD & HEX 
D/A CONVERTERS 







MC144110 




P SUFFIX 




PLASTIC PACKAGE 




CASE 707 






MC1441 1 1 




P SUFFIX 




PLASTIC PACKAGE 




CASE 646 



FIGURE 1 - PIN ASSIGNMENTS 




Issue 4 July 1981 
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MAXIMUM RATINGS (T A = 25 °C) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


+ 18 to -0.5 


Vdc 








Input Voltage, All Inputs 


V|„ 


-0.5toV DD +0.5 


Vdc 


Input Current, All Inputs 


'in 


10 


mAdc 


Operating Temperature Range 


T A 


to +85 


°C 


Storage Temperature Range 


T s.g 


-65 to +150 


•c 



This device contains circuitry to protect the inputs against damage due to high static voltages or 
electric fields; however, it is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high impedance circuit. For proper operation 
it is recommended that V in and V QUt be constrained to the range V ss ^ <V jn or V QUt ) ^ V DD . 



SWITCHING CHARACTERISTICS (T^ = ... 85 °C) 



Clock high time 



Clock low time 



Enable lead time 



Enable lag time 



Data Set-up time 
Hold time 



Clock rise time 
Clock fall time 



DD = 



DD ' 



DD 



= 5V 



v 0D = 10V 
V DD = 15V 
Vnn = 5V 



DD " 
'dD : 



10V 
15V 



'CH 



'Elag 



'Dsup 



*Crise 
'Cfall 



2 

1.5 
1 

5 

3.5 
2 



5 

3.5 
2 
5 

3.5 
2 



1 

0.75 
0.5 
5 

3.5 
2 



Typ 



0.1 
1.5 



0.5 
1.5 





1.5 
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ELECTRICAL CHARACTERISTICS (T A = - 85 °C, Vp D = 4.5 - 15V) 



Characteristic 


Pin 1 


Symbol 


Min 


Typ 


Max 


Unit 




DC Supply Voltage 

DC Supply Current 


MC 144110 
MC 144111 


18 

(141 


V DD 

'dd 


4.5 




15 
12 
8 


V DC 
mA DC 
mA DC 


Input low level 
High level 

Current 


V DD = 5V 
v DD = 10V 
V DQ =15V 

V|N = V DD 


1.8, 10 
(1.6. 8) 


D IN 
CL 
EN 

'in 


3.0 
3.5 
4.0 




0.8 
1 


V 
V 
V 
V 

ma 


Output Sink 
Source 


V OL = 0.5V 

V H = V D D-° 5V 


17 
(131 


'OL 

'oh 


200 
-200 






"A 
'liA 


D/A Characteristics 
Network Resistance 
Precision 

(w.c.a.V RN = V DD/2 ) V DD = 5V 

v DD = iov 

V DD =15V 

Step Size 3 


3, 5.7,12 
14, 16 
(3, 5, 10, 
12) 


R 

v NONL 2 


7 

-75% 


10 

20 

120 
V DD /64 


15 

100 

200 
300 

+ 75% 


kn s 

mV 
mV 
mV 


MC 144110 

NPN Emitter Follower Current Gain 














l E = 0.1 —10mA at25°C 
Emitter leakage Current Vp^ = OV 
V BE at l E = 1mA 
Max Dissipation 

per output T Arnax = 85 ° C 

all 6 outputs 

per output T Amax = 70 C 
all 6 outputs 


2, 4, 6, 
11, 13 

15 


h fe 
V BE 

P E 
P Etot 

P E 
P Etot 


40 

0.4 


100 


10 

0.7 

10 
25 
30 
100 


uA 
V 

mW 
mW 
mW 
mW 


MC 144111 
















NPN Emitter Follower Current Gain 

l E = 0.1 -10mA at25°C 
Emitter Leakage Current V RN = OV 
V BE atl E = 1mA 
Max Dissipation 


2. 4. 9, 
11 


"f. 
V BE 


40 
0.4 


100 


10 

0.7 


"A 
V 


per output 
all 4 outputs 


'Amax = 85 C 
T Amax = ™°C 
1 




p E 
P Etot 






20 
50 


mW 
mW 


per output 
all 4 outputs 





p E 
p Etot 






50 
150 


mW 
mW 


1 Pin numbers in brae 

2 See Figure 4 

3 See Figure 5 


kets refer to MC 14411 
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FIGURE 2a - SERIAL INPUT, POSITIVE CLOCK 



CL 







f 



'e lag 



j r ^\ M 



'ch 



y. 



EN 



CL 



FIGURE 2b - SERIAL INPUT, NEGATIVE CLOCK 



I 

! <D 



:<: 



x: 



FIGURE 3 - BLOCK DIAGRAM 



IE 



R R R R R 



HEX BUFFER < INVERTING) 



HEX LATCH 




6- BIT SHIFT REGISTER 



E Fn R Nn 



it— i 

_j i i 



- "OUT 
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FIGURE 4 - TRANSFER FUNCTION LINEARITY ERROR (V N0NL ) 



i v DD 




FIGURE 5 - DEFINITION OF STEP SIZE 




VRN 




LINEARITY ERROR (integral linearity). A measure of 
how straight a device's transfer function is, it indicates the 
worst-case deviation of straightness of the actual transfer 
function from the ideal straight line. It is normally speci- 
fied in parts of an LSB. 



Step size =^DD± 0.75 V DD 
64 64 



DIGITAL NUMBER 



(For any adjacent pair of digital numbers) 
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MOTOROLA 



MC144115 



2-DIGIT/ 16-SEGMENT LCD DRIVER 

The MC144115 is a CMOS, cascadable, 2-digit/ 16-segment LCD 
driver with an on-chip oscillator. Data are clocked serially into and 
out of the circuit. 



Input level translators 
Direct drive (not multiplexed) 
On-chip oscillator 
Cascadable 
Internal 16-bit latch 

Wide power supply range, 3 to 18 V DC 




CMOS 

(LOW-POWER COMPLEMENTARY MOS) 

2-DIGIT/ 16-SEGMENT 
LCD DRIVER 



CP SUFFIX 

PLASTIC PACKAGE 
CASE 709 



FIGURE 1 - MC1441 15 BLOCK DIAGRAM AND PIN 





TOR 






OSCtLLA 







JJI M M M IT M Mjj, 



LT = Level Translator 
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MAXIMUM RATINGS IVoltages referenced to V ss , Pin 12.1 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage Range 


v D D 


18 to -0.5 


Vdc 










Input Voltage, All Inputs 


Vin 


Vrjrj + 0.5 to 
V S S "O S 


Vdc 


Input Current, AM Pins 


hn 


10 


mAdc 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


Ts, 9 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vj n and V out be 
constrained to the range V S g < (V in or 
Vout» < V DD . 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or v dd' 



Characteristic 


Symbol 


voo 

Vdc 


-40°C 


25°C 


85 °C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


oegment Uutput Unve current 
(pins 3,4 . .10. 15, 16, .. .22) 
Source VOH = 4.6Vdc 


loH 


5 


220 




160 




120 




MAdc 


VOH = 9.5Vdc 
VOH = 13.5Vdc 

Sink VOL — 0.4Vdc 
VOL = 0.5Vdc 
VOL= 1.5Vdc 


loL 


10 
15 

5 
10 
15 


525 
1900 

330 
880 
3100 


- 


370 
1300 

240 
600 
2100 


- 


280 
1000 

190 
470 
1600 






Source Current pin 1 

VOH = 4.6 Vdc 

VOH=9.SVdc 

VOH = 1.3Vdc 


loH 


5 

10 
15 


690 
1620 
5880 


- 


500 
1140 
4000 


- 


390 
870 
3100 


- 


MAdc 


Source Current pin 1 1 
Chip Enabled VOH = 4.6Vdc 
(Slave chip VOH = 9.5Vdc 
onlv) VOH=13.5Vdc 
VOH = OVdc 
Chip disabled VOH = OVdc 


loH 


5 
10 
15 
15 


29 
70 
250 


- 
3100 


21 
40 
175 


- 
2160 


16 
30 
135 


- 
1670 


MAdc 


loH 


5 
10 
15 


6 
58 


_ 


4.5 
40 




3.8 
31 


_ 


MAdc 






















Sink Current for pins 

1 and 1 1 VOL = 0.4V 
VOL = O.SV 
VOL = 1.5V 


loL 


5 
10 
15 


590 
1570 
5550 




430 
1100 
3850 




340 
340 
2900 




MAdc 


Pin 23 Input Current 
(Master chip only) 
Sink (Vin = VDDI or 


lin 


5 
10 


3.4 

22 


15 

70 


2.6 
15 


1 1 

50 


2.1 

12 


9 

40 


MAdc 


Source (Vin = VSSI 




15 


50 


150 


35 


110 


25 


85 




Input Voltage 
pins 2, 13, 14 


V|L 
V|H 


5 to 15 
5 
10 
15 


3 

3.5 
4.0 


0.8 


3 

3.5 
4.0 


0.8 


3 

3.5 
4.0 


0.8 


Vdc 






















Quiscent current 


iss 


5 
10 
15 




150 
300 
600 




20 
40 
30 




150 
300 
600 


MAdc 




Triitate Output 

Leakage Current 
pins 11,23 


ITL 


15 




t 1.6 




t 1.6 




t 12 


MAdc 






















Input Current 
Except pins 1 1 and 23 


lin 


15 




t 0.3 




t 0.3 




l 1.0 


^jAdc 






















Input Capacitance 
<Vin = 0> 


Cin 










7.5 






pF 
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ow i I uniiMO CHARACTERISTICS {Ta = -40 to +85°C, Cl - 50pF, except DOUT = 20pF) 

















Characteristic 


Condition 


Symbol 


Min 


Max 


Unit 


















Clock High Time 


VDD= 5V 


tCh 


5 


- 


ms 






VDD = 10V 




4 





lis 






VDD= 15V 




2 


- 


MS 




Clock Low Time 


VDD- 5V 


tCI 


5 


- 


MS 






VDD ■ 10V 




4 


— 


MS 






VDD= 1SV 




2 


— 


MS 




Enable Lead Time 


VDD = 5V 
VDD= 10V 












tElead 


2 
1 


— 
- 


MS 
MS 






VDD " 15V 




500 


— 


ns 




Enable Lag Time 


VDD= 5V 


tElag 


500 


— 


ns 






VDD = 10V 




300 




ns 






VDD = 15V 




200 


- 


ns 




Data Set-up Time 


V D D = 5V 


tDsup 


500 


- 


ns 






VDD - 10V 




300 


— 


ns 






VDD '15V 




200 


- 


ns 




Data Hold Time 


VDD - 5V 
VDD ; 10V 


tDhold 


2 

[1 


- 


MS 
MS 






VDD - 15V 




500 




ns 




Clock Rise Time 


10% to 90% 


tCrise 




2 


m 




Clock Fall Time 


of VDD 


tCfall 




2 


MS 




Min. EN High Time, CL = 50pF* 


5 to 1 5V 


tEnh 


50 




MS 





Min. time for the master/slave status of the chip to be latched in. 

FIGURE 2 - TIMING DIAGRAM 

(a) Positive Clock 




(b) Negative Clock 



11/ 



DIN Di ^ 














'DSUP 


•oh 



*E LAG 



VI/ 
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CIRCUIT OPERATION 



The circuit operation can be followed by referring to 
the block diagram, Figure 1. 

Data are entered serially into the circuit's 16-bit shift 
register via the DIN pin. The data transfer rate is controlled 
by the clock input, CL, either positive or negative clock 
pulses may be used, see Figure 2. 

The CL input is enabled only when the EN input isjn 
the low state, logical '0'. On the positive going edge of EN 
data in the shift register are latched and transferred to the 
display drivers. 

If more than two digits are to be displayed two, or 
more, circuits can be simply cascaded, as shown in Figure 
3- 

Level translators are provided on inputs CL, DIN and 

EN to allow the circuit to interface directly with a 5V 
powered controller, regardless of the circuit's own power 
supply voltage— which can lie anywhere in the range 3 V to 



18 V. 



LCD DRIVE 



AC drive for the LCDs is provided by an on-chip, 50% 
duty cycle oscillator whose frequency is determined by a 
single external capacitor, see Figure 4. 

A segment output is in phase with the backplane when 
the corresponding data bit in the shift register is low, 
logical '0'. The segment is in anti-phase when the corres- 




CL — (pin 13) This is the clock input 



/OUTPUT 



DIN — (pin 14) This is the serial data input pin. 

EN — (pin 2) This is the chip enable pin and is active 
when low, logical '0'. On its positive going edge it causes 
the contents of the shift register to be loaded into the 
latches and transferred to the display drivers. When it is 
high it causes DOUT to act as an input and when low as 
an output. 

BKP - (pin 1) This is the backplane driver output. 

DOUT - (pin 11) This is the serial data output pin 
and is also used to determine the master/slave status of 



ponding data bit is high, logical '1 '. 

CASCADING 

When MC144115S are cascaded, that which controls 
the backplane frequency, called the master, is the last 
circuit in the shift register chain, see Figure 3. 

The master's BKP output is connected directly to the 
slaves' OSC inputs. The slaves' oscillator circuits are 
bypassed and their backplane frequency is controlled by 
the OSC input. 

DOUT acts an input/output. When EN is high it acts as 
an input and when EN is low DOUT acts as an output. 
While the chip is disabled, EN at logical 'V, an internal 
resistive pull-up pulls the slaves' DOUT pin high, to logical 
'V. A falling edge on EN latches-in the logic state of 
DOUT which defines the master /slave status of each IC. 

During the EN low time DOUT acts as an output; the 
internal pull-up is inactive and an output buffer is enabled 
(standard push-pull buffer in the slave mode, open drain 
N channel buffer in the master mode). 

It is recommended that in a cascaded configuration 
the EN input is held high during power-up to avoid any 
chance of the circuit whose DOUT pin is grounded 
trying to act as a slave and drawing current through its P 
channel buffer transistor. This transistor is designed to 
limit the short circuit current to 3mA with a 15V supply. 

FUNCTIONS 

the circuit. 

In a master configuration the pin is tied to ground 
thus enabling the oscillator and disabling the push-pull 
data output buffer. In the slave configuration DOUT is 
tied to DIN of the following device, the oscillator is by- 
passed and the output buffer is enabled. 

OSC - (pin 23) This pin, in the master role, needs an 
external frequency determining capacitor to ground, see 
Figure 3. In the slave role the oscillator circuitry is by- 
passed and the pin serves as the input for the backplane 
frequency. 

B1 to B16 - (pins 3 to 10 and 15 to 22) These are the 
segment output drivers. 



FIGURE 3 - Cascading MC1441 15s 
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FIGURE 4 - BACKPLANE FREQUENCY 



i F IHz 




85 100 Tl C > 




10 



Typical Backplane Frequency 
as a Function of Temperature 
(10nF capacitor) 



PIN ASSIGNMENT 



100 1000 

Typical Backplane Frequency 
as a Function of Capacitor Value 
(18°CI 



: (Hz) 



BKP 12 1 

EN □ 2 

B9 Q 3 

B10 C4 

B11 Q 5 

B12 □ 6 

B13 □ 7 
Bt4 

B15 Q 9 

B16 Q 10 

□OUT C " 



24 □ V DD 



□ OSC 
B6 

_ 

□ B4 
^] B3 

□ B2 

□ B. 

□ CL 

□ OlN 
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Advance Information 











4 DIGIT DUPLEX LCD DECODER/DRIVER 

The MC144117 is a CMOS 4 digit duplex LCD decoder/driver with 
lip oscillator. Data is entered serially, latched and decoded for 



LCD front and back planes. 

• On-chip oscillator 

• On-chip analog reference voltages 
. Compatible with MC 14499 LED 

• Supply voltage range 3V to 6V DC 

• MPU compatible 



- 



CMOS LSI 

(LOW POWER COMPLEMENTARY MOS) 



4-DIGIT DUPLEX 
LCD DECODER/DRIVER 




CP SUFFIX 

PLASTIC PACKAGE 
CASE 709 




VDD VSS 



DIGIT 
12 


DIGI1 

m 


DIGIT 

s 


DIGIT 
I 


D.P. 
POSITION 


II 


U 








LATCH 








V V 


\Z HZ. V 



ANALOG 

REF. 
VOLTAGE 










BACKPLANE 
DRIVERS 







FRONT PLANE DRIVERS 
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MAXIMUM RATINGS (Voltages referenced to V S s. pin 



12) 



IkJOvfOTOW 1 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage Range 
Input Voltage, all Inputs 


Vin 


6 to - 0,5 

Voo» 0,5 to 
V S S - 0,5 


Vdc 


Vdc 


DC Current Drain per Pin 
Operating Temperature Range 
Storage Temperature Range 


1 

t a 
T stg 


10 

-40 to +85 
-65to*150 


mAdc 
°C 
°C 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. For proper operation it is recom- 
mended that V jn and V out be constrained 
to the range V ss < (V in or V out ) *S V DD - 



ELECTRICAL CHARACTERISTICS 







Symbol 


VDD 


Ta = - 


40°C 


T A = 2S 


>°C 




T A = 8! 


°C 


Unit 


Characteristic 


Pin 


Min. 


Max. 


Min. 


Typ 


Max, 


Min. 


Max. 


DC Supply Voltage 


24 


VDD 




3 


6 


3 




6 


3 


6 


Vdc 


Input Voltages 
'O' Level 

'1' Level 


18,21 
22 


V|L 
V|H 




3 
6 

3 
6 


2.1 
4.2 


0.9 
1.8 


2.1 
4.2 




0.9 
1.8 


2.1 
4.2 


0.9 
1.8 


Vdc 


Quiescent Current 


24 


idd 


6 








100 








*A 


Input Current 
(V in =0to V DD ) 


18,21,22 

23 




6 
6 








±1 








uA 


IpN 
'FN 








±50 








Analog Output Levels 






















Vdc 


Segment Drivers 


1-11,13-17 


+Vd 
+Vd 


"3 

6 








2.562 
5.124 




Backplane Drivers 


1-11,13-17 
19,20 


-Vd 
-Vd 
Vc 




3 
6 

f I i I 
6 








0.438 
0.876 
1.500 
3.000 











SWITCHING CHARACTERISTICS (Vdd = 5V ± 10%, T A = 25°C, see fig.1) 



Characteristic 



Clock high time 
Clock low time 
Clock rise time 
Clock fall time 
Enable lead time 
Enable lag time 
Data set-up time 
Data hold time 
Oscillator frequency! 



Symbol 



tCH 

tCL 

ICR 

«CF 
tElead 
'Elag 
tDsup 
tQhold 

fosc 




Typ 



200 
200 
200 



I* 
«s 



Hz 
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CIRCUIT OPERATION 



The circuit accepts a 20-bit input, 16 bits for the 4-digit 
display plus 4 bits for the decimal point. These latter 4 bits 
are optional. 

The input sequence is the decimal point followed by the 
4 digits, as shown in figure 2. In order to enter the data 
the enable, EN must be low (=0). The sample and the shift 
are accomplished on the falling clock edge, see fig. 1. Data 
is loaded from the shift register to the latches when EN 
goes high (=1). While the shift register is being loaded, the 
previous data is stored in the latch. Figure 5 shows the de- 
coding used by the device. If the decimal point is used, 
the system requires 20 clock pulses to load data, otherwise 
only 16 are required. Inputs CL, DIN and EN will allow 
the circuit to interface directly with a 5V powered con- 
troller, regardless of the circuits own power supply voltage 
which can lie anywhere in the range 3V to 6V. 

LCD DRIVE 

The device pinout has been organised to ease the intercon- 
nection to the LCD display. The LCD digit organisation is 
given in fig. 3. 



The backplane drive signals from BPA and BPB are ortho- 
gonal 3-level amplitude signals, as shown in fig. 4. Only one 
backplane can be at Vqd or V SS when the other back- 
plane is at Vrjo/2- In 'his way. a segment driver (front 
plane) which is connected to two segments — one on each 
backplane — can be arranged to select only one (or any 
combination) of the segments attached to the driver. 
Each segment driver has a square wave output centered 
about 0.5 Vqd- Since each driver has two segments asso- 
ciated with it (one for backplane A and one for backplane 
B), there are 4 possible operating conditions, as follows: 



SEG. A 

on 
on 
off 



SEG. B 
on 
off 
on 
off 



Off 

These conditions are obtained by changing the phase 
relationship between the segment driver and backplane 
drivers, as shown in the figures 6 to 9. 



FIGURE 1 — TIMING DIAGRAM 
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FIGURE 2 - INPUT SEQUENCE 
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BIT NR. 



Q ED ID ED (0 ID (3 IS IB DE3 DO 
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SHIFT — 
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FIGURE 3 - LCD CHARACTER ORGANIZATION 



SGI SG2 SG3 SG4 

SG» SEGMENT GROUP 



BPA 



FIGURE 4 - BACKPLANE DRIVER WAVEFORMS 



BPB 



FIGURE 5 - SEGMENT CODE 
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FIGURE 6 - SEGMENT DRIVE VOLTAGE 




SEG. X-BPA OFF 
SEG. X-BPB OFF 



FIGURE 7 - SEGMENT DRIVE VOLTAGE 
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SEG. X-BPA OFF 
SEG. X-BPB ON 
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FIGURE 8 - SEGMENT DRIVE VOLTAGE 
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-VBPB 



SEG. X BPA ON 
SEG. X BPB OFF 



FIGURE 9 - SEGMENT DRIVE VOLTAGE 
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PIN DESCRIPTION 




D1SG1 - D1SG4 (Pins 1 to 4) - Front Plane Drivers for 
Digit 1 , Segment Groups 1 to 4 

D2SG1 - D2SG4 (Pins 5 to 8) - Front Plane Drivers for 
Digit 2, Segment Groups 1 to 4 

D3SG1 - D3SG4 (Pins 9-10, 13) - Front Plane Drivers 
for Digit 3, Segment Groups 1 to 4 

D4SG1 - D4SG4 (Pins 14 to 17) - Front Plane Drivers 
for Digit 4, Segment Groups 1 to 4 

VSS (Pin 12) - Most Negative Supply 

DIN (Pin 18) - Serial Data Input 

BPB (Pin 19) - Backplane B Driver Output 

BPA (Pin 20) - Backplane A Driver Output 

CL (Pin 21) — Clock Input, Active Negative going edge 

EN (Pin 22) - Chip Enable Pin, when low, logical 'O' CL 
Input is active on the positive going edge. 
The contents of the shift register are loaded into the 
latches and transferred to the display drivers. 

OSC (Pin 23) - The oscillator pin requires an external 
frequency determining capacitor to VSS. 

VDD (Pin 24) - Most Positive Supply 



FIGURE 10 - TYPICAL APPLICATION 
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Product Preview 











INFRARED REMOTE CONTROL RECEIVER 

Preamp/Oetector for AM Infrared Signals 
Digital Signal Output 

Coil-less Input Circuit for High Noise Immunity 
Programmable On-chip Bandpass Filtering 
Minimal External Components 
Single 10 V Supply 



MC144122 



CMOS 

(LOW-POWER COMPLEMENTARY MOSI 

INFRARED REMOTE 
CONTROL RECEIVER 




P SUFFIX 

PLASTIC PACKAGE 



AGND 



Signal 
AZ 
Gain Set . 
Filter 

osc 
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V DD 



Data 
— AO "I 

BO 

CO J 
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Intermediate 
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Outputs 
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Product Preview 



HIGH PERFORMANCE REMOTE CONTROL RECEIVER 



Preamp/Detector for FSK Infrared Signals 
Coil-less Input Circuit for High Noise Immunity 
On-chip Bandpass Filtering 

F1/F2 Detection Using Pulse Counting Technique 

Data Validation and Address Recognition 

2 Programmable Address Bits 

MPU Data Bus Interface 

Additional Serial Data Output 

Wake up Logic 

Supply Relay Switch 

5 mA Current Loop for Standby Indicator 
Uses 4 MHz Crystal 
Clock Output 
10 V Supply 

Minimum External Components needed 



CMOS 

(LOW-POWER COMPLEMENTARY MOS) 

HIGH PERFORMANCE REMOTE 
CONTROL RECEIVER 



P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



4 MHz 
Crystal 
I I 
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Delay 
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Reset 
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On/Standby 
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Out 



LLL 



MC144124 



EN "I serial 
■J- CL Data 
-•►Data J BuE 



- AUX Data Out 

ACA "I Address 
. ACB J Inputs 



-»~G0 "I 

Gl J 
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Loop 



Test 
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Product Preview 















TV STEREO DECODER 


• Decodes Baseband Dual Carrier Signals 




• Pilot Tone Demodulation and Identification 


• Signal De-emphasis 






• Volume, Treble and Bass Control 






• Stereobase Facility 






• Pseudo Stereo Facility 






• Dual Muting Facility 






• Loudspeaker and Headphone Outputs 




• VCR Input/Output 






• Hi-Fi Output 






• All Functions Digitally Controlled 






• Minimal External Components 






• 5 V Supply 













CMOS 

(LOW-POWER COMPLEMENTARY MOSI 

TV STEREO DECODER 




P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



Serial 
Data Bus 



K1 
K2 

P SDA — 
L SCL 



AGND Decoupling - 

osc • 

Test. 




VDD v ss 
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MULTIPLEXED LCD DRIVERS 
MASTER AND SLAVE 



The MC145000 (Master) LCD Driver and the MC145001 (Slave) LCD 
Driver are CMOS devices designed to drive liquid crystal displays in a 
multiplexed-by-four configuration. The Master unit generates both 
frontplane and backplane waveforms, and is capable of independent 
operation. The Slave unit generates only frontplane waveforms, and is 
synchronized with the backplanes from the Master unit. Several Slave 
units may be cascaded from the Master unit to increase the number of 
LCD segments driven in the system. The maximum number of front- 
planes is dependent upon the capacitive loading on the backplane 
drivers and the drive frequency. The devices use data from a 
microprocessor or other serial data and clock source to drive one LCD 
segment per bit. 

• Microprocessor Compatibility 

• Serial Data, Externally Clocked 

• Multiplexing-By-Four 

• Net dc Drive Component Less Than 50 mV 

• Master Drives 48 LCD Segments 

• Slave Provides Frontplane Drive for 44 LCD Segments 

• Drives Segments Up to one Square Centimeter (0.155 Square 
Inches) 

• Display Operating Frequency = 250 Hz Maximum 

• Supply Voltage Range = 3 V to 6 V 

• Latch Storage of Input Data 

• Low Power Dissipation 

• Logic Input Voltage Can Exceed Vdd 

• Accomodates External Temperature Compensation 

• 24-Pin DIP Configuration - Master 

• 18-Pin DIP Configuration - Slave 








PIN ASSIGNMENTS 



3V DD 

□ OSC om 
30SC jri 

□ Frame-Sync. Out 

□ Data Out 

□ Data Clock 

Pin 

3BP3 
38P4 
3 FPU 




3V DD 
□OSCjn 

3 Frame-Sync. In 

□ Data Out 

□ Data Clock 

□ Data In 
3FP11 
3FP10 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

MULTIPLEXED LCD DRIVERS 
MASTER AND SLAVE 





»^0^ 


L SUFFIX 

CERAMIC PACKAGE 
CASE 623 


P SUFFIX 

PLASTIC PACKAGE 
CASE 709 






L SUFFIX 

CERAMIC PACKAGE 
CASE 726 


P SUFFIX 

PLASTIC PACKAGE 
CASE 707 


ORDERING INFORMATION 


MC14XXXB ^. 


Suffix Denotes 
L Ceramic Package 
P Plastic Package 
C Limited Operating 
Temperature Range 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. For proper operation it is 
recommended that Vj n and V out be con- 
strained to the ranges Vss*V 0Ut sVDD 
and V SS sV in s15 V 

Unused inputs must always be tied to an ap- 
propriate logic voltage level. 
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i referenced 10 Vss> 



Characteristic 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to +6.5 


V 


Input Voltage, Data In and Data Clock, 


Vin 


-0.5 to 15 


V 


Input Voltage, Pin 22 of Master 




-0.5 to Vdd + 0.5 


V 


v in osc 




DC Current Drain per Pin 


1 


10 


mA 


Operating Temperature Range 


T A 


- 40 to +85 


°C 


Storage Temperature Range 


T stg 


-66 to + 150 


°C 



ELECTRICAL CHARACTERISTICS 





Characteristic 




Symbol 


vdd 


-40°C 


25°C 


85 °C 


nit 






V 




Max 




Typ 


Max 


Min 


Max 


RMS Voltage Across a 
IBPi-FPj) 


Segment 


"ON" 
Segment 


von 


3.0 
6.0 








1 .73 
3 46 








V 






"OFF" 


voff 


3.0 

6.0 








1 .00 
2.00 








V 






Segment 


- 


- 


- 


- 


- 


- 




Average DC Offset Voltage 




Vdc 


3.0 
6 


- 


30 
50 


- 


10 
20 


30 
50 


- 


30 
50 


mV 


Input Voltage 




0" Level 


V|L 


6.0 


- 


0.90 
1.80 


- 


1.35 
2.70 


0.90 
1.80 


- 


090 
1.80 


V 






"1" Level 


V|H 


3.0 


2.10 




2.10 


1.65 




2.10 












6.0 


4.20 


_ 


4.20 


3.30 


. 


4.20 


_ 


V 


Output Drive Current 


























High-Current State' 
Vo = 2.85 V 
Vq = 1 85 V 








'bh 


3.0 


150 

220 


- 
- 


75 
110 


190 
200 


_ 
- 


35 
55 


- 
- 


*A 


V =1.15V 












160 


- 


80 


200 


- 


40 


- 




Vq = 0.15 V 












400 


- 


200 


300 


- 


100 


- 




Vo = 5.85 V 










500 


- 


250 


300 


- 


125 


- 




V = 3.85 V 
V = 2.15 V 






'bh 


6.0 


1000 
800 


- 
- 


500 
400 


600 
500 


- 
- 


250 
200 


- 
- 


«A 


V = 0.15 V 












500 


' - 


250 


300 


- 


125 


- 




Low-Current State* 




























V = 2.85 V 












140 


- 


70 


80 


- 


35 


— 




V = 1.85 V 






'BL 


3.0 


2.4 




1.2 


2.8 




0.6 




(•A 


V =1.15 V 










22 


- 


1.1 


2.5 


- 


0.5 


- 




V = 0.15 V 












400 


- 


200 


330 


- 


100 


- 




V = 5.85 V 












190 


- 


95 


105 


- 


45 


- 




V = 3.85 V 
V = 2.15 V 








I8L 


6.0 


15 
13 


- 


7.5 
6.5 


10 
9 


- 


3.7 
3.2 


- 


*A 


V = 0.15 V 












850 




425 


570 




210 






Output Drive Current 
High-Current State" 


- Frontplanes 


























V = 2.85 V 
Vo=1.85 V 








IFH 


3.0 


80 
140 




40 
70 


60 
120 




20 
35 




fA 


V =1.15 V 
Vo = 0.15 V 










180 




60 


100 




30 














100 




50 


95 




25 






V = 5.85 V 










140 




70 


90 




35 






V = 3.85 V 






IFH 


6.0 


360 




180 


250 




90 




*A 


V = 2.15 V 






400 




200 


240 




100 




V = 0.15 V 










100 




50 


120 




25 






Low-Current State' 


























V = 2.85 V 












60 




30 


40 




15 






V =1.85 V 






IFL 


3.0 


2.8 




1.4 


28 




0.7 




cA 


Vo= 1.15 V 










2.2 




1.1 


2.5 




0.5 






V = 0.15 V 










100 




50 


100 




25 






V = 5.85 V 










100 




50 


60 




25 






V = 3.85 V 
V = 2.15 V 






1FL 


6.0 


16 
13 




8.0 
6.5 


10 

9 




4.0 
3.2 




*A 


V = 0.15V 










200 




100 


175 




50 






Input Current 


hn 


6.0 




±0.1 




±0.00001 


±0.1 




±1.0 


eA 


Input Capacitance (Vj r 


= 0) 




Qn 










5.0 


7.5 






pF 


Quiescent Current (Per Package) 


'dd 


3.0 
6.0 




10 
185 




2.5 
50 


15 
175 




20 
130 


fA 



"For a time (t 2 2. 567 osc. freq.} after the backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high- 
current state to allow the load capacitances to charge quickly. Then the circuit is returned to the low-current state until the next voltage level 
change occurs. 
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SWITCHING CHARACTERISTICS <C L ~50 pF, T A = 25°CI 



Vqq Min Typ Max Unit 



Data Clock Frequency 



fcl 



12 5 
2-1 



7.5 
12 5 



MHz 



Rise and Fall Times - Data clock 



Setup Time 

Data In to Data Clock 



Hold Time 
Data In to Data Clock 



-5 




Pulse Width 
Data Clock 



tWH 



1 



30 65 
6.0 40 



SWITCHING WAVEFORMS 



Data In 



Data Clock 



DEVICE OPERATION 




Figure 1 shows a block diagram of the Master unit. The 
unit is composed of two independent circuits: the data input 
circuit with its associated data clock, and the LCD drive cir- 
cuit with its associated system clock. 

Forty-eight bits of data are serially clocked into the shift 
register on the rising edges of the external data clock. Data in 
the shift register is latched into the 48-bit latch at the be- 
ginning of each frame period. (As shown in Figure 3, the 
frame period, tf rame , is the time during which all the LCD 
segments are set to the desired "ON" or "OFF" states.) 

The binary data present in the latch determines the ap- 
propriate waveform signal to be generated by the frontplane 
drive circuits, whereas the backplane waveforms are in- 
variant. The frontplane and backplane waveforms, FPn and 
BPn, are generated using the system clock (which is the 
oscillator divided by 256) and voltages from the V/3 
generator circuit (which divides Vqq into one-third in- 
crements). As shown in Figure 3, the frontplane and 
backplane waveforms and the "ON" and "OFF" segment 
waveforms have periods equal to tf rarne and frequencies 
equal to the system clock divided by four. 

Twelve frontplane and four backplane drivers are available 
from the Master unit. The latching of the data at the beginn- 
ing of each frame period and the carefully balanced voltage- 
generation circuitry minimize the generation of a net dc com- 
ponent across any LCD segment 



The Slave unit (Figure 2) consists of the same circuitry as 
the Master unit, with two exceptions: it has no backplane 
drive circuitry, and its shift register and latch hold 44 bits. 
Eleven frontplane and no backplane drivers are available 
from the Slave unit. 

LCD DRIVER SYSTEM CONFIGURATIONS 

Figure 4 shows a basic LCD Driver system configuration, 
with one Master and several Slave units. The maximum 
number of slave units in a system is dictated by the max- 
imum backplane drive capability of the device and by the 
system data update rate. Data is serially shifted first into 
the Master unit and then into the following Slave units on 
the rising edge of the common data clock. The oscillator is 
common to the Master unit and each of the Slave units. At 
the beginning of each frame period, tf rarne , the Master unit 
generates a frame-sync pulse (Figure 3) which is received by 
the Slave units. The pulse is to ensure that all Slave unit 
frontplane drive circuits are synchronized to the Master 
unit's backplane drive circuits. 

A single multiplexed-by-four, 7-segment (plus decimal 
point) LCD and possible frontplane and backplane connec- 
tions are shown in Figure 5. When several such displays are 
used in a system, the four backplanes generated by the 
Master unit are common to all the LCD digits in the system. 
The twelve frontplanes of the Master unit are capable of con- 
trolling forty-eight LCD segments (6 LCD digits), and the 
eleven frontplanes of each Slave unit are capable of controll- 
ing forty-four LCD segments (5V4 LCD digits). 
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FIGURE 1 - BLOCK DIAGRAM OF THE MC145000 (MASTER) LCD DRIVER 
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FIGURE 2 - BLOCK DIAGRAM OF THE MC145001 (SLAVE! LCD DRIVER 
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FIGURE 3 - VOLTAGE WAVEFORMS 



System Clock 
(Oscillator* 256) 



v D d- 



v DD - 

Frame-Sync Pulse 





Example: One 
Frontplane 
form (FPU for 
e to be "ON" and 
f, g, h to be 
"OFF" (Figure 5) 



ON segment 
voltage waveform 
across segment e 
(BP1-FP1) 



BP! 



BP2 



BP3 



8P4 



vdd- 

2/3 IV DD I _ 
1/3 (V DD ) - 
- 




I* t fr3me »f« tframe *>| 



VDD- 
2/3 IV DD ) - 
1/3 (V DD ) - 
- 



V DD - I— I 

2/3 (V DD ) - 
1/3 (V DD | - — 
- 

-1/3 (V DD I- 
-2/3 (V DD ) - 

-v D D- 




Frame RMS Voltage = VrjD/VT" 
Frame DC Offset Voltage<50 mV 



Example: All segments OFF. 
Frontplane wave- 
form (FP2) for segments 
a, b, c and d to 
be "OFF" 
(Figure 61. 



( v DD _ 

J 2/3(V DD l_ 

) 1/3 (V D0 I - 

{ 0- 



Vdd- 

. 2/3 IV DD I - 
OFF segment \ ^ 3 ( Vn X) _ 

voltage waveform ) - ~ 1 I I D 11 I I 11 V Frame RMS v °ltage= V DD /3 

across segment b. ) - 1/3 (Vnnl _ LI I I I I I I U U Frame DC Offset Voltage < 50 r 

(BP2-FP2) /_2/3|V DD l- 

-v D D- 

Iframe *+* Iframe 
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FIGURE 4 - BASIC SYSTEM CONFIGURATION 
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FIGURE 5 - FRONTPLANE AND BACKPLANE CONNECTIONS TO A MULTIPLEXED-BY 
7-SEGMENT (PLUS DECIMAL POINTI LCD DISPLAY 
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SEGMENT TRUTH TABLE' 



BP3 



BP4 



FP1 



'Because there is no standard or back- 
plane and frontplane connections on 
multiplexed displays, this truth table may 
be used only for this example. 



Typical Backplane Configuration 



Typical Frontplane Configuration 



PIN DESCRIPTIONS 



FRONTPLANE DRIVE OUTPUTS 
(Master: FP1-FP12; Pins 1-11 and 13) 
(Slave: FP1-FP11; Pins 1-8 and 10-121 

The frontplane drive waveforms for the LCD displays. 

BACKPLANE DRIVE OUTPUTS 
(Master: BP1-BP4; Pins 14-17) 

The backplane drive waveforms for the LCD displays. 



DATA IN (Master: Pin 18) 
(Slave: Pin 13) 

The serial data input pin. Data is clocked into the shift 
register on the rising edge of the data clock. A high logic 
level will cause the corresponding LCD segment to be turn- 
ed on, and a low logic level will cause the segment to be 
turned off. This pin can be driven to 15 volts regardless of 
the value of Vop, thus permitting optimum display drive 
voltage. 



DATA CLOCK (Master: Pin 19) 
(Slave: Pin 14) 

The input pin for the external data clock, which controls 
the shift registers. This pin can be driven to 15 volts 
regardless of the value of Vrjrj. 

DATA OUT (Master: Pin 20) 
(Slave: Pin 15) 

The serial data output pin. 

FRAME-SYNC OUT (Master: Pin 211 

The output pin for the frame-sync pulse, which is 
generated by the Master unit at the beginning of each frame 
period, tf rame . 

FRAME-SYNC IN (Slave: Pin 16) 

The input pin for the frame-sync pulse from the Master 
unit. The frame-sync pulse synchronizes the Slave front- 
plane drive waveforms to the Master backplane drive 
waveforms. 
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OSC in (Master: Pin 22) 
(Slave: Pin 17) 

The input pin to the system clock circuit. The oscillator 
frequency is either obtained from an external oscillator or 
generated in the Master unit by connecting an external 
resistor between the OSC in pin and the OSC ut Pin (Pin 231. 
Figure 6 shows the relationship between resistor value and 
frequency. 

OSC out (Master: Pin 23) 

The output pin of the system clock circuit. This pin is con- 
nected to the OSCi n input (Pin 17) of each Slave unit. 



V D D (Master: Pin 24) 
(Slave: Pin 18) 

The positive supply voltage. 

VsS (Master: Pin 12) 
(Slave: Pin 9) 

The negative supply (or ground) voltage and logic zero in- 
put pin. 



FIGURE 6 - TYPICAL OSCILLATOR FREQUENCY 
vs EXTERNAL RESISTOR VALUE 





















1 k 



10 k 100 k 1M 
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APPLICATIONS 

The following examples are presented to give the user fur- 
ther insight into the operation and organization of the Master 
and Slave LCD Drivers. 

An LCD segment is turned either on or off depending 
upon the RMS value of the voltage across it. This voltage is 
equal to the backplane voltage waveform minus the front- 
plane voltage waveform. As previously stated, the backplane 
waveforms are invariant (see Figure 3). Figure 10 shows one 
period of every possible frontplane waveform. 

For a detailed explanation of the operation of liquid crystal 
materials and multiplexed displays, refer to a brochure entitl- 
ed "Multiplexed Liquid Crystal Displays," by Gregory A. 
Zaker, General Electric Company, Liquid XTAL Displays 
Operation, 24500 Highpoint Road, Cleveland, Ohio 44122. 



Example 1: Many applications (e.g., meters, gasoline 
pumps, pinball machines, and automobile dashboard 
displays) require that, for each display update, an entirely 
new set of data must be shifted into the Master and cascad- 
ed Slave units. The correspondence between the frontplane- 
backplane intersections at the LCD segments and the data 
bit locations in the 48-bit latch of the Master (or 44-bit latch 
of the Slave) is necessary information to the system 
designer. In Figure 1, it is shown that data is serially shifted 
first into the 48th-bit location of the shift register of the 



first bit to be entered has been shifted into bit-location one, 
the second bit into bit-location two, and so on. Table 1 
shows the bit location in the latch that controls the cor- 
responding f'ontplane-backplane intersection. For example, 
the information stored in the 26th-bit location of the 
latch controls the LCD segment at the intersection of FP7 
and BP3. The voltage waveform across that segment is equal 
to (BP3 minus FP7). The same table, but with the column for 
FP12 deleted, describes the operation of the Slave unit. 

In applications of this type, all the necessary data to com- 
pletely update the display are serially shifted into the Master 
and succeeding Slave units within a frame period. Typically, 
a microprocessor is used to accomplish this. 



Master. Thus, after 48 data bit. have been shifted in, the 



Example 2: Many keyboard-entry applications, such as 
calculators, require that the most significant digit be entered 
and displayed first. Then as each succeeding digit is entered, 
the previously entered digits must shift to the left. It is, 
therefore, neither necessary nor desirable to enter a com- 
pletely new set of data for each display change. Figure 7 
shows a representation of a system consisting of one Master 
and three Slave units and displaying 20 LCD digits. If each 
digit has the frontplane-backplane configuration shown in 
Figure 5, the relationship between frontplanes, backplanes, 
and LCD segments in the display is shown in Table 2. 
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Digits (or alphanumeric characters) are entered, most- 
significant digit first, by using a keyboard and a decoder ex- 
ternal to the MC145000. Data is entered into the Master 
and cascaded Slave units according to the following format: 

11 Initially, all registers and latches must be cleared by 
entering 160 zero data bits. This turns off all 160 segments of 
the display. 

2) Entering the most-significant digit from the keyboard 
causes the appropriate eight bits to be serially shifted into 
the Master unit. These eight bits control LCD segments a 
through h of digit 1, and cause the desired digit to be 
displayed in the least-significant digit location. 

3) Entering the second-most-significant digit from the 
keyboard causes eight more bits to be serially shifted into the 
Master unit. These eight bits now control LCD segments a 



through h of digit 1, and the previously entered eight bits 
now control segments a through h of digit 2. Thus the two 
digits are displayed in the proper locations. 

4) Entering the remaining 18 digits from the keyboard fills 
the 20-digit display. Entering an extra digit will cause the first 
digit entered to be shifted off the display. 

Example 3: In addition to controlling 7-segment (plus 
decimal point) digital displays, the MC145000 and MC145001 
may be used to control displays using 5x7 dot matrices. A 
Master and three Slave units can drive 180 LCD segments, 
and therefore are capable of controlling five 5x7 dot 
matrices (175 segments). Two control schemes are 
presented in Figures 8 and 9; one using a single Master unit, 
and one using two Master units. 



TABLE 1 - THE BIT LOCATIONS, IN THE LATCH, THAT CONTROL THE 
LCD SEGMENTS LOCATED AT EACH FRONTPLANE-BACKPLANE INTERSECTION 
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FIGURE 7 - A 20-DIGIT DISPLAY 
(EQUIVALENT TO A 4 x 40 ARRAY) 
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TABLE 2 - THE RELATIONSHIP BETWEEN FRONTPLANE-BACKPLANE INTERSECTIONS 
AND LCD SEGMENTS FOR THE SYSTEM CONFIGURATION OF FIGURE 7 
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Slave #1 »- 
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FPl 
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FP10 
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FIGURE 8 - EXAMPLE OF A 5x7 DOT MATRIX DISPLAY SYSTEM CONTROLLED 
BY ONE MASTER AND THREE SLAVE UNITS 
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FIGURE 9 - EXAMPLE OF A 5 x 7 DOT MATRIX DISPLAY SYSTEM 
CONTROLLED BY TWO MASTER AND TWO SLAVE UNITS 
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LCD Displays can be obtained from: 

LXD, Hamlin. Beckman Instruments, and other suppliers. 
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Pulse 



FIGURE 10 - POSSIBLE FRONTPLANE WAVEFORMS 
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MC145026 ENCODER, 
MC145027/MC145028/MC1 45029 DECODERS 

The MC1 45026 will encode nine bits of information and serially 
transmit this information upon receipt of a transmit enable, TE, (ac- 
tive low) signal- Nine inputs may be encoded with trinary data (0,1, 
open) to allow 3 9 (19,683) different codes. 

Three decoders are presently available and they use the same 
transmitter — the MCI 45026. The decoders will receive the 9-bit 
word and will interpret some of the bits as address codes and some 
as data. The MCI 45027 will interpret the first five transmitted bits as 
address and the last four bits as data. The MC1 45029 will interpret 
the first four transmitted bits as address and the last five bits as data. 
The MC1 45028 will treat all nine bits as address. If no errors are 
received, the MC1 45027 will output four data bits, and the 
MCI 45029 will output five data bits, when the transmitter sends ad- 
dress codes that match that of the receiver. A valid transmission out- 
put will go high on the decoders when they recognize an address 
that matches that of the decoder. Other receivers can be produced 
with different address/data ratios. 

• May be Addressed in either Binary or Trinary 

• Trinary Addressing Maximizes Number of Codes 

• Interfaces with RF, Ultrasonic, or Infrared Transmission Medias 

• 4.5 V to 1 8 V Operation 

• On-Chip R/C Oscillator; No Crystal Required 

• High External Component Tolerance; Can use 5% Components 

• Standard B-Series Input and Output Characteristics 



MC145026 
MC145027 
MC145028 
MC145029 



CMOS MSI 

ILOW-POWER COMPLEMENTARY MOS) 

REMOTE CONTROL 
ENCODER/ DECODER PAIRS 








L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



Denotes 



L Ceramic Package 
P Plastic Package 



PIN ASSIGNMENTS 



A1/01 I 1 



A2/D2 [ 
A3/D3 I 
A4/D4I 
A5/D6I 
A6/D6I 
A7/D7I 

vssl 



ivdd 

] Data Out 
] TE 

] «tc 
|Ctc 

i4 

I Aa/D9 
9 IA8/D8 



Al [ 
A2[ 
A3 I 
A4 [ 
AS t 

Rti 

Cil 

vssl 



9 1 



ivdd 

1 D6 
] D7 
] D8 
ID9 

VT 

R 2 /C 2 
Data In 



Al I 
A2 | 
A3 I 
A4[ 
A5| 

R|I 

C|I 
Vss' 8 



1V D D 

A6 

A7 
A8 
)A9 

i:'VT 

)R 2 /C 2 
I Data In 



At 
A2 
A3 
A4I 
D5I 
R|I 
C|I 

vss' 



2 
3 
4 
5 
6 
7 
8 



IVDD 
]DB 

1D7 

ID8 

|D9 

IVT 

|R 2 /C 2 

I Data In 



MCI 45026 
Encoder 



MC145027 
Decoder 



MC145028 
Decoder 



MCI 45029 
Decoder 
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MAXIMUM RATINGS (Voltages Referenced to V ss | 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0.5 to + 18 


V 


Input Voltage, All Inputs 






V,n 


-0.5 to Vqd + 0.5 


V 


DC Current Dram Per Pin 






I 


10 


mA 


Operating Temperature Range 


ta 


-40 to +85 


°C 


Storage Temperature Range 


Tstq 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Output Voltage "0" Level 
Vj n = V DD orO 

"1" Level 

Vj n = or Vdd 


VOL 


5 
10 
15 




0.05 
0.05 
0.05 










0.05 
0.05 
005 




05 
0.05 
0.05 


V 


VOH 


5.0 
10 
15 


4.95 
995 
14.95 


- 


4.95 
9.95 
14 95 


5.0 
10 
15 


- 


495 
9.95 
14 95 


- 


V 


Input Voltage "0" Level 
IV = 4.5or 0.5 V) 
IV O = 9.0 or 1,0 V) 
IV =13.5or 1.5 VI 

"1" Level 

(Vo = 0.5 or 4.5 V) 
IV = 1.0 or 9.0 VI 
IV =l -5 or 13.5 VI 


VlL 


5.0 
10 
15 




1.5 
3.0 
4.0 




2.25 
4.50 
6.25 


1.5 
3.0 
4.0 


~ 


1.5 
3.0 
4.0 


V 


V|H 


5.0 
10 
15 


3.5 
70 
11.0 


- 


3.5 
7.0 
11.0 


275 
5.50 
8.25 


- 


3.5 
7.0 
1 1 .0 


_ 


V 


Output Drive Current Source 
IV H = 2 5 VI 
IV H = 4.6 VI 
1Voh = 9 5 V) 
(V 0H = 13.5 V) 

[Vol = 0.4 VI Sink 
(Vol = 5 VI 
(Vql = ' 5 VI 


lOH 


5.0 
5.0 
10 
15 


-2.5 
— 0.52 
-1.3 
-3.6 


_ 


-2.1 
— 0.44 

-1.1 
-3.0 


-4.2 
— 0.88 
-2.25 
-8.8 


_ 
- 


-1.7 
— 0.36 
-0.9 
-2.4 


_ 
- 


mA 


Iql 


5.0 
10 
15 


0.52 
1.3 
3.6 


- 


0.44 
1.1 
3.0 


0.88 
2.25 
8.8 


- 


0.36 
0.9 
2.4 


- 


mA 


Input Current - TE IMC145026. Pullup Device) 


l, n 


5.0 
10 
16 






3.0 
16 
36 


4.0 
20 
45 


7.0 
26 
55 






*A 


Input Current 
RS IMC145026) 


lin 


15 




±0.3 




±0.00001 


±0.3 




±1.0 


«A 


Dala In IMC1 45027, MC145028, MC145029I 






















Input Current . 
A1 /D1-A9/D9 IMC1 450261 i 
A1-A5 IMC145027) \ 
A1 -A9 IMC1 450281 1 
A1A4 IMC1 450291 / 


l,n 


5.0 
10 
15 








±55 
±300 
±650 


±80 
±340 
±725 






«A 


Input Capacitance (V in = 0l 


C,n 










50 


7,5 






pF 


Quiescent Current - MC145026 


'DD 


50 
10 
15 








0.0050 
0.0100 
0150 


10 
0.20 
0.30 






*A 


Quiescent Currenl - MCI 45027, MCI 45028, MCI 45029 


Idd 


5.0 
10 
15 








30 
60 
90 


50 
100 
150 






MA 


Total Supply Current- MC145026 ( f c = 20 kHz) 


it 


5.0 
10 
15 








100 
200 
300 


200 
400 
600 






fA 


Total Supply Currenl -MC145027. MC145028 
MCI 45029 ll c = 20 kHzl 


it 


5.0 
10 
15 








200 
400 
600 


400 
800 
1200 






fA 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric 
fields: however, it is advised that normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that 
V in and V out be constrained to the range Vgs <(Vj n or V out ) ^V DD . 

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgs or VrjD>- 
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SWITCHING CHARACTERISTICS (C L = 50 P F, T A = 25°Cl 



Characteristic 


Symbol 


VDD 


Min 


Typ 


Max 


Unit 



Output Rise and Fall Time 


'TLH 
'THL 


5 
10 
15 




100 
50 
40 


200 
100 
80 




Data In Rise and Fall Time IMC145027. MC145028, MC145029I 


'TLH 
'THL 


5.0 
10 
15 


- 


- 


15 
15 
15 


lis 


Encoder Clock Frequency 


fcl 


5.0 
10 
15 










2 
5 
10 


MHz 


Maximum Decoder Frequency 

(Referenced to Encoder Clock) (See Figure 91 


'cl 


5.0 
10 
15 






240 
410 
450 


kHz 


TE Pulse Width 


'WL 


5.0 
10 
15 


65 

30 
20 






ns 


System Propagation Delay 
(TE to Valid Transmission) 








182 




Clock 
Cycles 


Tolerance on Timing Components 
(ARTC + ACTC+ ARi +AC-|) 
(AR2 + AC2) 










±25 
±25 


% 



OPERATING CHARACTERISTICS 



MCI 45026 

The encoder will serially transmit nine bits of trinary data 
as defined by the state of the A1/D1-A9/D9 input pins. 
These pins can be in either of three states (0, 1 , open) 
allowing 3^ = 1 9,683 possible codes. The transmit se- 
quence will be initiated by a low level of the TE input pin. 
Each time the TE input is forced low the encoder will output 
two identical data words. This redundant information is 
used by the receiver to reduce errors. If the TE input is kept 
low, the encoder will continuously transmit the data words. 
The transmitted words are self-completing (two words will 
be transmitted for each TE pulse). 

Each transmitted data bit is encoded into two data 
pulses. A logic zero will be encoded as two consecutive 
short pulses, a logic one by two consecutive long pulses, 
and an open as a long pulse followed by a short pulse. The 
input state is determined by using a weak output device to 
try to force each input first low, then high. If only a high 
state results from the two tests, the input is assumed to be 
hard wired to Vrjrj, If only a low state is obtained, the input 
is assumed to be hard wired to Vss. If both a high and a 
low can be forced at an input, it is assumed to be open and 
is encoded as such. 

The transmit sequence is enabled by a logic zero on the 

TE input. This input has an internal pullup device so that a 
simple switch may be used to force the input low. While TE 
is high the encoder is completely disabled, the oscillator is 
inhibited and the current drain is reduced to quiescent cur- 
rent. When TE is brought low, the oscillator is started, and 
an internal reset is generated to initialize the transmit se- 
quence. Each input is then sequentially selected and a 
determination is made as to input logic state. This informa- 
tion is serially transmitted via the Data Out output pin. 

MC145027/MC145029 

The decoder will receive the serial data from the en- 
coder, check it for errors and output data if valid. The 
transmitted data consisting of two identical data words is 
examined bit by bit as it is received. The MC1 45027 
assumes the first five bits are address and the MC1 45029 



assumes the first four bits are address. These address bits 
must be encoded to match the address inputs at the 
receiver. If the address bits match, the next (data) bits are 
stored and compared to the last valid data stored. If this 
data matches, the VT pin will go high on the 2nd rising 
edge of the 9th bit of the first word. Between the two data 
words no signal is sent for three data bit times. As the se- 
cond encoded word is received, the address must again 
match, and if it does, the data bits are checked against the 
previously stored data bits. If the two words of data match, 
the data is transferred to the output data latches and will re- 
main until new data replaces it. At the same time, the Valid 
Transmission output pin is brought high and will remain 
high until an error is received or until no input signal is 
received for four data bit times. 

Although the address information is encoded in trinary 
fashion, the data information must be either a one or a zero. 
A trinary (open) will be decoded as a logic one 

MC1 45028 

This receiver operates in the same manner as the 
MC1 45027/MC1 45029 except that nine address bits are 
used and no data output is available. The Valid Transmis- 
sion output is used to indicate that a valid signal has been 
received. 

Although address information normally is encoded in 
trinary, the designer should be aware that, for the 
MC1 45028, the ninth address bit (A9) must be either a 
one or a zero. This part, therefore, can accept only 2 x 38 
= 13,122 different codes. A trinary (open) A9 will be in- 
terpreted as a logic 1 . However if the transmitter sends a 
trinary (or logic 1 1 and the receiver address is a logic 1 (or 
trinary) respectively, the valid transmission output will be 
shortened to the R1 xCI time constant. 



Although the encoder sends two words for error check- 
ing, a decoder does not necessarily wait for two trans- 
mitted words to be received before issuing a valid transmis- 
sion output. Refer to the flowcharts in Figures 8 and 9. 
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PIN DESCRIPTION 



encoded 



and the 



MC145026 Encoder 

A1/D1-A9/D9 - These inputs will be 
data serially output from the encoder. 

Vss — The most negative supply (usually ground!. 

R S, C"TC. "TC _ These pins are part of the oscillator sec- 
tion of the encoder. If an external signal source is used in- 
stead of the internal oscillator it should be connected to the 
RS input and the Rye and C~rc Pins should be left open. 

TE — This Transmit-Enable (active low) input will initiate 
transmission when forced low. An internal pullup device 
will keep this input high normally. 

Data Out - This is the output of the encoder that will 
sent the serially encoded signals. 

Vdd _ The most positive supply. 
MCI 45027, MC1 45028. MCI 45029 DECODERS 



A1-A5 (MC145027), A1-A9 (MC145028), A1-A4 
(MC1 45029) — These are the address inputs that must 
match the corresponding encoder inputs in order for the 
decoder to output data. 

D6-D9 (MC145027). D5-D9 IMC145029) These 
outputs will give the information that is presented to the 
corresponding encoder inputs. Note: only binary data will 
be acknowledged; a trinary open will be decoded as a logic 
one. 

FIGURE 1 - ENCODER BLOCK DIAGRAM MC145026 



Rl, Ci - These pins accept a resistor and capacitor that 
are used to determine whether a narrow pulse or a wide 
pulse has been encoded. The time constant Ri x Ci should 
be set to 1.72 transmit clock periods. R-|Ct = 3.95 RTCCTC 

R2/C2 - This pin accepts a resistor to Vss and a 
capacitor to Vss that are used to detect both the end of an 
encoded word and the end of transmission. The time cons- 
tant R2 x C2 should be 33.5 transmit clock periods (four data 
bit periods) . This time constant is used to determine that the 
Data In input has remained low for four data bit times (end of 
transmission). A separate comparator looks at a voltage 
equivalent two data bit times (0.4 R2C2) to detect the dead 
time between transmitted words. R2C2 = 77 Rtc c TC 

Valid Transmission, VT - This output will go high when 
the following conditions are satisfied: 

1. the transmitted address matches the receiver address, 
and 

2. the transmitted data matches the last valid data 
received. 

VT will remain high until either a mismatch Is received, or no 
input signal is received for four data bit times. 
Vdd ~ The most positive supply. 
Vss - The most negative supply (usually ground). 
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Detector 
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FIGURE 2 - DECODER BLOCK DIAGRAM MC145027 
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FIGURE 3 - DECODER BLOCK DIAGRAM MC145028 
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FIGURE 4 - DECODER BLOCK DIAGRAM MCI 45029 
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FIGURE 5 - ENCODER OSCILLATOR INFORMATION 
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ctc; 



I 1 — l> O- 



Internal 
Enable 




*TC 



-0- 



fa 



1 



2 3 r T c c T c' 



for 1 kH2£f<400 kH2 
where: Cyc' = CTC+ Qayoul + 12 P F 

Rs-2Rtc 

R S 220k 

RTCalOk 

400 pF<C TC <15,.F 



The value for Rg should be chosen to be about 2timesRTC Tn, s 
range will ensure that current through ts insignificant compared 
lo current through Hjq The upper limit for Rg must ensure thai 
Rs x6 pF (input capacitance) is small compared to Ryc x C TC 

For frequencies outside the indicated range, the formula will be 
less accurate. The actual oscillation range of this circuit is from less 
than 1 Hz to over 1 MHz. 



This oscillator will operate at a frequency determined by the exter- 
nal RC network; i.e.. 



MC145026* MC145027* MC-W 



PW„ 



FIGURE 6 - ENCODER /DECODER TIMING DIAGRAM 
MC145026 ENCODER 



1 | 2 Word Transmission 

TE | 1 . Continuous Transmission 

Encoder Osc.lla.o^^^ ^MjW 
h— 1st Bit — H h— 9th Bit-H H — lsi Bit — H h— 9th Bit — H 

Da.aOu,.p,ni 5 > j y y in, n n , , I u Ul, In n 



Valid Transmission (Pin 11) 
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H 1st Word H 



-2nd Word- 



MC 1 45027 / MC1 45028 /MC 145029 DECODERS 
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FIGURE 7 - ENCODER DATA WAVEFORMS [MC1 450261 
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'150 ns pulse appears at this point (this does not affect the transmitter/ receiver operation) 
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'For shilt register comparisons, a "T" is stored as a "1" 
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FIGURE 10 - MC145027/MC145028/MC145029 




FIGURE 1 1 - TYPICAL APPLICATION 



VDD 



Trinary ^ 
Addresses 



Binary < 
Data 



K- 



•4: 



Dfl 



ICtC = CtC + 20 P F) 



- V DD 



X' 



0.1 



CTC = CTC + C|a V out+12pF 
100 pF<CtcS15/iF 
Rtc^IOIc; Rs-2 Rjc 
R12IO k 
C,2400pF 
R 2 2l00k 
C 2 2:700 pF 




1 



2.3RTCCTC- 



(All 



RlCi=3.95RTcCTC 
R 2 C 2 =77 RTCCTC 

Example R/C Values 
Resistors and Capacitors are ±6% I 





Rtc 


CTC 


Rs 


R1 


C1 


R2 


c 2 


362 


10 k 


120 pF 


20 k 


10 k 


470 pF 
910 pF 


100 k 


910 pF 
1800 pF 


181 


10 k 


240 pF 


20 k 


10 k 


100 k 


88.7 


10 k 


490 pF 


20 k 


10 k 


20O0 pF 


100 k 


3900 pF 


42,6 


10 k 


1020 pF 


20 k 


10 k 


3900 pF 


100 k 


7500 pF 


21.6 


10 k 


2020 pF 


20 k 


10 k 


8200 pF 


100 k 


0.015 jiF 


8.53 


10 k 


5100 pF 


20 k 


10 k 


0.02 /iF 


200 k 


0.02 |iF 


1.71 


50k 


5100 pF 


100 k 


50 k 


0.02 


200 k 


01 nF 
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MC 145027 



Repeat of 
Above 



Repeat 
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MOTOROLA 



MC145040/41 



1 



Product Preview 



SERIAL A/D CONVERTER (SAD) 



The MC145040 and MC145041 are 8-bit A/D converters with built-in 
serial I/O ports. The A/D section is composed of an all capacitor, charge re- 
distribution D/A converter, a chopper stabilised comparator, and a suc- 
cessive approximation register. It performs a single conversion in 32 usee 
(50 Lisec including the serial data transfer of the result) and includes an 
on-chip 11 channel analog multiplexer The conversion is ratiometric with 
respect to an externally supplied reference voltage. Analog input range 
extends from Vss to ^DD All digital interfacing - chip select, serial data 
clock, serial data input and serial data output - is handled via a 4-wire 
serial I/O port. 

The MC145040 uses pin 19 as a clock input for the A/D conversion 
timing. 

The MC145041 uses pin 19 as an end of conversion output status pin. 



CMOS 

(LOW-POWER COMPLEMENTARY MOS| 

SERIAL A/D CONVERTER 
(SAD) 




BLOCK DIAGRAM 



AOC (MC 145040) 
EOC |MC 145041] 



see Notel 
see Note 2 | / 



OPT RC 

OSC 




VREF 
V A G 



Analog Control Counter 
and Decoder 



□ 



Internal 
Reset 
Logic 







Digrtal Control Counter 
and Decoder 



-B.t Capac.t.veDAC 




Pin 10 = Digital Ground 
Pm20 = V DD 

Note 1 ■ This line is open circuit 
Comparator on theMCMMMO 

Note 2 I This line is open circuit 
on the MC145041 
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PLL FREQUENCY SYNTHESIZERS 

The MC145104, MC145106, MC145107, MC145109, and 
MC145112 are phase locked loop (PLL) frequency synthesizer parts 
constructed with CMOS devices on a single monolithic structure. 
These synthesizers find applications in such areas as CB and FM 
transceivers. The device contains an oscillator/amplifier, a 2 10 or 
2 11 divider chain for that oscillator signal, a programmable divider 
chain for the input signal and a phase detector. The MC145104/ 
5106/51 12 have circuitry for a 10.24 MHz oscillator or may operate 
with an external signal. The MC145107/5109 require the external 
reference signal. Several of the circuits provide a 5.12 MHz output 
signal, which can be used for frequency tripling. A 29 (MC145106/ 
5109/5112) or 28 (MC145104/5107) programmable divider divides 
the input signal frequency for channel selection. The inputs to the 
programmable divider are standard ground-to-supply binary signals. 
Pull-down resistors on these inputs normally set these inputs to 
ground enabling these programmable inputs to be controlled from 
a mechanical switch or electronic circuitry. 

The phase detector may control a VCO and yields a high level 
signal when input frequency is low, and a low level signal when input 
frequency is high. An out of lock signal is provided from the on-chip 
lock detector with a "0" level for the out of lock condition. 

The MC145106 is the full pinout version of this family of parts 
and has the capability of all parts in the family. The MC145104/ 
5107/5109/5112 are limited pinout versions. See block diagrams 
for details. 



• Single Power Supply 

• Wide Supply Range: 4.5 to 12 Vdc 

• 16 or 18 Pin Plastic Packages 

• 10.24 MHz Oscillator on Chip 

• 5.12 MHz Output 



• Programmable Division Binary Input Selects up to 2 9 

• On-Chip Pull Down Resistors on Programmable Divider Inputs 

• Selectable Reference Divider, 2 lu or 2 11 

• Three-State Phase Detector 

— 



MC145104 
MC145106 
MC145107 
MC145109 
MC145112 



CMOS MSI 

(LOW^OWER COMPLEMENTARY MOS) 

PLL 

FREQUENCY SYNTHESIZERS 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 




P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



Pin-for- Pin Replacements for: 

MC145104 for SMS104. MM55104, MM55114 

MC145106 for MM55106, MM5S116 

MC145107 for SM5107 

MC1 45109 for SM5109 

MC145112for SM5106 
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PIN ASSIGNMENTS 
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0OET Out 
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MC145104* MC145106* MC1 



MC145109«MC145112 



MAXIMUM RATINGS {Voltages referenced to V SS ) 



Rating 



DC Supply Voltage 



Input Voltage, All Inputs 



DC Current Drain per Pin 



Operating Temperature Range 



Storage Temperature Range 



Symbol 



-0.5 to + 12 



-0.5toV D o+0.S 



-40 to +85 



-65 to +150 



°C 



' 1 v out < V DD 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that V jn and V Qut be 
constrained to the range Vcc < (V jn or 



ELECT 



T A = 25° unless otherwise stated.) 



Character ist 










vdd 


All Types 




1 






Symbol 


Vdc 


Min 


Typ 


Max 


Unit 


Supply Current 








Id 


5.0 
10 
12 


_ 

- 
_ 


6 
20 
28 


10 
35 
50 


mAdc 


Input Voltage 




0' 


Level 


V IL 


5.0 


_ 


_ 


1.5 


Vdc 






10 
12 


_ 
- 


- 


3.0 
3.6 








•1" Level 


V|H 


5.0 


3.5 


- 


- 


Vdc 












10 
12 


7.0 
8.4 


- 
- 


- 




Input Current (FS) 


"0" Level 


i. 
'in 


5.0 


-5.0 


-20 


-50 


pAdc 


(Pull-up Resistor) 










10 


-15 


-60 


-150 
















-20 


-SO 


-200 




(P0 to P8) 










5.0 
10 
12 


— 




-0.3 
-0.3 
-0.3 




IFS) 




•V 


Level 




5.0 
12 




- 


- 


0.3 
0.3 
0.3 


MAdc 


IPO to P8) 
(Pull-down Resistor) 










5.0 


7.5 


30 


75 












10 
12 


22.5 
30 


90 
120 


225 
300 




(Osc in . f in ) 




'0' 


Level 




5.0 


-2.0 
-6.0 


-6.0 
-25 


-15 
-62 


jiAdc 












12 


-9.0 


-37 


-92 




<Osc in , f in ) 




Level 




5.0 


2.0 


6.0 


15 














10 


6.0 


25 


62 














12 


9.0 


37 


92 




Output Drive Current 


Sol 


rce 


•oh 










mAdc 


(Vq " 4.5 Vdc) 




5.0 


-0.7 


-1.4 






<V - 9 5 Vdc) 










10 


-1.1 


-2.2 






(V - 11.5 Vdc) 










12 


-1.5 


-3.0 






IV • 0.5 Vdc) 




Sink 


lOL 


5.0 


0.9 


1.8 




mAdc 


(V = 0.5 Vdc) 










10 


1.4 


2.8 






(V - 0.5 Vdc) 










12 


2.0 


4.0 






Input Amplitude 


















Vp-p 


(f jn IS>4.0MHz) 












1.0 


0.2 




Sine 


(Osc in ® 10.24 MHz) 












1.5 


0.3 




















Input Resistance 


Rin 










Mli 


l°*: in .fi n > 










5.0 
10 
12 




1.0 
0.5 






Input Capacitance 








Cin 










pF 


(Osc in .f in ) 














6.0 






Three State Leakage Current 








ITL 










MAdc 


(» Detou,) 










5.0 
10 






1.0 
1.0 













12 






1.0 




Input Frequency 
(-40°C to +85°C) 






'in 


4.5 
12 


4.0 
4.0 






MHz 


Oscillator Frequency 
l-40°C to +85°C) 








Osc in 


4.5 
12 






10.24 
10.24 


MHz 
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BLOCK DIAGRAMS 



o»c ou t 
g 



1 



rVA i [5 



Divide-by-N Counter 2 8 - 1 — 



14 


13 


12 


11 


10 


9 


8 


6 < 


> < 


i i 


) ( 


1 1 


> i 


J 



Phase 
Detector 



°* c out -2 out 
<? 9 



P0 PI P2 P3 P4 P5 P6 P7 



V DD - Pin 1 
V ss - Pin 16 



n olc£>l^L 



Reference 
Divide 2 9 or 2 10 



*3«M 
O 

4 



.,„rrn, , 

O-i-0^>-«- Divide by N Counter 2 9 - 1 — 



16 


15 


14 


13 


12 


11 


10 


9 


6 < 


1 1 


I < 


> I 


i i 


i ( 


) ( 


> 



Phase 
Detector 



* De 'ou t 



P0 P1 P2 P3 P4 P5 P6 P7 P8 



MC145106 



Reference 
Divide 2 9 or 2 10 



Divide by-N Counter 2 a - 1 



15 



14 


13 


12 


11 


10 


9 


8 


6 < 


> ( 


> ( 


> c 


i < 


i < 


i 6 



Phase 
Detector 



V OD - Pin 1 
V ss - Pin 18 



LD 
— O 
7 



P0 P1 P2 P3 P4 P5 P6 P7 
IVIC145107 

Vqd * pin 1 
V SS " Pin 16 



— wy-i 



Reference 
Divide 2 10 or 2 11 



Divide-by-N Counter 2 9 — 1 — 



Phase 
Detector 



LD 

— O 
6 



Osc out 
O 



666606666 

P0 P1 P2 P3 P4 P6 P6 P7 P8 



r-WV-i * [5 

n Reference 
Osc in oiop^-| Dlvid . 2 10 or2 11 



MC 1451 09 



Divide-by-N Counter 2 9 - 1 



16 


15 


14 


13 


12 


11 


10 


9 


6 < 


) < 


i i 


> < 


> fi 


I i 


) 1 


) 6 



Phase 

Detector 



V DD " 'in 1 
V ss - Pin 16 



P0 PI P2 P3 P4 P5 P6 P7 
MC145112 



N.C. ■ Pin 8 
Vqd ■ 'in 1 
V SS - Pin 18 
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DM 



TYPICAL CHARACTERISTICS 



FIGURE 1 - MAXIMUM DIVIDER INPUT 
FREQUENCY versus SUPPLY VOLTAGE 



FIGURE 2 - MAXIMUM OSCILLATOR INPUT 
FREQUENCY versus SUPPLY VOLTAGE 




20 30 40 

li„, MAXIMUM FREQUENCY (MHz) 



50 




10 20 30 40 

Osci„, MAXIMUM FREQUENCY (MFUI 



TRUTH TABLE 



Selection 


Divide By N 


P8 


P7 


P6 


P5 


P4 


P3 


P2 


P1 


PO 





























2 (Note 1) 


























1 


3 (Note 1 1 























1 





2 























1 


1 


3 




















1 








4 



1 


1 

1 


1 

1 


1 


1 


1 


1 


1 


1 


255 



1 : Voltage level : 
0: Voltage level : 



Vqd 

or open circuit input 



The binary setting of 00000000 and 00000001 on 
P8 to PO results in a 2 and 3 division which is not 
in the 2^-1 sequence. When pin is not connected 
(or is not listed as for the MC145104 and 
MC145107), the logic signal on that pin can be 
treated as a "0". 



PIN DESCRIPTIONS 

P0 - P8 — Programmable divider inputs (binary) 
f in — Frequency input to programmable divider (derived 

from VCO> 
Oscj n — Oscillator/amplifier input terminal 
Osc out - Oscillator/amplifier output terminal 
LD — Lock detector, low when out of lock 
Det out - Signal for control of external VCO, output high 

when f i n /N is less than the reference frequency; output 

low when fj n /N is greater than the reference frequency. 

Reference frequency is the divided down oscillator - 

input frequency typically 5.0 or 10 kHz. 
FS - Reference Oscillator Frequency Division Select. When 

using 10.24 MHz Osc frequency, this control selects 

10 kHz, a "0" selects 5.0 kHz. 
"=" 2 out _ Fteference Osc frequency divided by 2 output; when 

using 10.24 MHz Osc frequency, this output is 5.12 

MHz for frequency tripling applications. 
VrjD — Positive power supply 
V$S - Ground 
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PLL SYNTHESIZER APPLICATIONS 



The MC145104, MC145106, MC145107, MC145109, 
MC145112 ICs are well suited for Applications in CB 
radios because of the channelized frequency requirements. 
A typical 40 channel CB transceiver synthesizer using a 
single crystal reference is shown in Figure 3 for receiver 
IF values of 10.695 MHz and 455 kHz. 

In addition to applications in CB radios, the MC145104- 
1 2 ICs can be used as a synthesizer for several other systems. 
Various frequency spectrums can be achieved through the 
use of proper offset, prescaling and loop programming 
techniques. In general, 300-400 channels can be syn- 
thesized using a single loop, with many additional 
channels available when multiple loop approaches are 
employed. Figures 4 and 5 are examples of some 
possibilities. 

In the aircraft syntheizer of Figure 5, the VHF loop 
(top) will provide a 50 kHz 360 channel system with 10.7 
MHz R/T offset when only the 11.0500 MHz (transmit) 
and 12.1200 MHz (receive) frequencies are provided to 



mixer #1. When these signals are provided with crystal 
oscillators, the result is a three crystal, 360 channel, 
50 kHz step synthesizer. When using the offset loop 
(bottom) in Figure 5 to provide the indicated injection 
frequencies for mixer #1 (two for transmit and two for 
receive) 360 additional channels are possible. This results 
in a 720 channel, 25 kHz step synthesizer which requires 
only two crystals and provides R/T offset capability. The 
receive offset value is determined by the 11.31 MHz 
crystal frequency and is 10.7 MHz for the example. 

The VHF marine synthesizer in Figure 4 depicts a 
single loop approach for FM transceivers. The VCO 
operates on frequency during transmit and is offset down- 
ward during receive. The offset corresponds to the 
receiver I F (10.7 MHz) for channels having identical 
receive/transmit frequencies (simplex), and is (10.7 - 
4.6 = 6.1) MHz for duplex channels. Carrier modulation 
is introduced in the loop during transmit. 



FIGURE 3 - SINGLE CRYSTAL CB SYNTHESIZER FEATURING ON FREQUENCY VCO DURING TRANSMIT 



Qf 



MHz P 



|-Wv — I 
i Osc -i 



nable Divider 



Phase 
Detector 



Loop 
Filter 



r 



Switch 
Wafers 




,1Hz I 



1.365 - 1.805 MHz (transmit) 

0.91 - 1.35 MHz (receive) tQ Receitfer ReceiviBr Ut 

2nd Mixer Local Osc Signal 



16.270 - 16.710 
MHz 



26.965 - 27.405 
MHz (transmit) 
26.510 - 26.950 
MHz (receive) 
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FIGURE 4 - VHF MARINE TRANSCEIVER SYNTHESIZER 



Ref 

Osc 



w 

5.12 MHz 
110.24 MHz) 



Gnd 
_L_ 



'DO 




2 1U 2' 1 

Divider 



2.5 kHz L 
(5.0 kHz} r 



vN 29 - 



Lock Detect 



Phase 
Detectoi 



Loop 
Filter 



Programmable Inputs 
N = 97 to 153 
•152 



Modulation - 



Transmit 
Modulation 
Circuit 




.2425 - .3825 
(.4850 - .7650) 
-.3800 



NOTES: 

• Receiver IF = 10.7 MHz 

• Low Side Injection 

• Duplex Offset = 4.6 MHz 

• Step Size = 25 kHz 

• Frequencies in <1Hz unless 



15.36 (30.72) 



Transmit Range 
156.025 - 157.425 MM; 
„ * 157.4 

Receiver L.O. Range 
145.575 - 152.575 MHz 
M51.3 



Transmit Receive 

• Values in Parentheses are 
for a 5.0 kHz Reference 
Frequency 

• Example Frequencies for 
Channel 28 Shown by * 

#Can be eliminated by adding 
184 to v N for Duplex Channels. 



Receive Offset 
Oscillator 



14.29 
(28 58) 



plex O/ O D. 



14.75 = 
129.501 



FIGURE 5 - VHF AIRCRAFT 720 CHANNEL TWO CRYSTAL FREQUENCY SYNTHESIZER 



10.24 
MHz 



4- 2 9 , 2 10 

Divider 



tN2 9 -1 



Lock Detect 



Phase 
Detector 



✓DO Gnd 



Loop 
Filter 



VCO and 
Buffer 







VHF Loop 
Programming 
750 kHz - 2545 kHz 



N - 1 50 - 509 



5.12 
MHz 



2 10 2 1 1 
Divider 





■ N 2 » - 1 1 



Phase 
Detector 



1 1 1 A 
Offset Loop 
Programming 

810 kHz - 812.5 kHz 



~1~ 

VOD 



TRANSMIT 
1 18 000 - 135.975 MHz 
— «• (25 kHz Steps) 

RECEIVE 
128.700 - 146 675 MHz 



Loop 
Filter 



VCO and 
Buffer 



TRANSMIT 
11.0500 MHz 
1 1.0525 MHz 

RECEIVE 
12.1200 MHz 
12.1225 MHz 



Mixer 

#2 



Amp 

Osc 



TRANSMIT 
10.24 MHz 



N - 324 - 325 



. RECEIVE 

| 11.31 MHz 

I 1 (Select Frequency to Give 

-J- Desired R/T offset) 



® 



Advance Information 



PLL FREQUENCY SYNTHESIZER 

The MC1 451 43 is a phase locked loop building block variation 
of the MC145106/MC1451 12 family. The device contains the 

oscillator circuitry required to operate with fundamental mode 
crystals to 10.24 MHz. The oscillator circuitry is connected to the 
phase detector through a divide-by-16 and a 2 9 -1 divide-by-N 
counter. The reference oscillator can be divided in steps of 16 
between 32 and 8176 before interfacing with the phase detector. 
The external input to the phase detector requires a Vss to Vdd 
signal and forces the phase-detector output high if higher in 
frequency than the output of the divide-by-N counter. An out-of-lock 
signal is provided from the on-chip lock detector with a "0" level for 
an out-of-lock condition. 

• Operation to 25 MHz 

• 4.5 V to 12 V Operation 

• Programmable Reference Divisions from 32 to 8176 (16X2 to 
16X511) 

• Three-State Phase Detection 

• On-Chip Lock Detection 



BLOCK DIAGRAM 
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PO P1 P2 P3 PA P5 P6 P7 P8 







V SS = Pin 16 









MAXIMUM RATINGS (Voltages referen 


ced to Vss) 






Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


v D d 


-0.5 to + 12 


V 


Input Voltage, All Inputs 


v in 


-0.5toV DD + 0.5 


V 


DC Current Drain per Pin 


i 


10 


mA 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


°c 





MC145143 



CMOS MSI 

(LOW-POWER COMPLEMENTARY MOS) 

PLL 

FREQUENCY SYNTHESIZERS 



i6 l^Srir 

1 u « 










P SUFFIX 




PLASTIC PACKAGE 






CASE 648 









PIN ASSIGNMENT 
w 



1 ES v DO 

2 <= 'In 

3 CT Osc, n 

4 C= Osc ou , 

5 (= #D« wt 

6 C= LD out 
7CZP8 

8 t= P7 



PO =3 '5 



J14 
313 
P3t=112 
P4|=)11 
=110 
=□9 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it is 
recommended that V, n and V ou t be 
constrained to the range Vss £ (Vjn or 

Vout) £ vqd 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C. V D D = 5 V) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Units 


Supply Current (Oscin = 1 2 MHZ) 


ID 


- 


3.5 


12 


mA 


Input Voltage "0" Level 


Vil 






1.5 


V 


Input Voltage "1 " Level 


VVh 


3 5 






V 


Input Current (Excluding Pin 3) 


tin 




±0 00001 


±0 1 


/jA 


Output Voltage (lo « 0.8 m A) 


Vol 






0.5 


V 














Output Voltage do = -0.6 mA) 


VOH 


4 5 






V 


Oscillator Frequency 


Oscm 


25 






MHz 


Oscillator Input Resistance 


Pin 




1 




MO 


Oscillator Input Capacitance 


Cin 




8 




pF 


Three-State Leakage (#Detout) 


ITL 




±0 005 


+ 100 


nA 


Phase Detector Input Pulse Width — Positive Or Negative 


*Detin 


15 






(IS 



TYPICAL MAXIMUM OSCILLATOR INPUT 
FREQUENCY versus SUPPLY VOLTAGE 











































































*25°C 










































+85°C 








I -4 
















n 
































































































Oscin, MAXIMUM FREQUENCY (MHz) 



TRUTH TABLE 



Selection 


Divide By N 


P8 


P7 


P6 


P5 


P4 


P3 


P2 


PI 


PO 





























2 (Note 11 


























i 


3 (Note 1) 























1 





2 























1 


1 


3 




















1 








4 





1 


1 


1 


1 


1 


1 


1 


1 


255 


1 


1 


1 


1 


1 


1 


1 


1 


1 


511 



The binary setting of 00000000 and 00000001 on 
P8 to P0 results in 3 2 and 3 division which is not 
in the 2 N -1 sequence. 



PIN DESCRIPTIONS 

PO - P8 — Programmable divider inputs ( 
fj n — Frequency input to programmable c 

from VCO) 
Oscj n — Oscillator/amplifier input terminal 
0$c out - Oscillator/amplifier output terminal 
LD - Lock detector, low when out of lock 
Det out - Signal for control of external VCO, output high 

when f j n is greater than |the refurence frequency; output 

low when fj n is less than the reference frequency. 

Reference frequency is the divided down oscillator - 

input frequency typically 5.0 or 10 kHz. 
VrjD — Positive power supply 
Vss - Ground 
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4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER 

The MC145144 is one of a family of LSI PLL frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/ receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145144 is programmed by a 4-bit input, with strobe and ad- 
dress lines. The device features consist of a reference oscillator, pro- 
grammable reference divider, digital-phase detector, programmable 
divide-by-N counter and the necessary latch circuitry for accepting the 
4-bit input data. When combined with a loop filter and VCO, the 
MC145144 can provide all the remaining functions for a PLL frequency 
synthesizer operating up to the device's frequency limit. For higher VCO 
frequency operation, a down mixer or a fixed divide prescaler can be us- 
ed between the VCO and MC145144. 



• Tailored for TV Tuning Applications 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability @5 Vdc 

• Programmable Reference Divider for Values Between 3584 and 3839 

• On- or Off-Chip Reference Oscillator Operation 

• Single Modulus 4-Bit Data Bus Programming 

• + N Range = 4 to 4092 in Steps of Eight 

• "Linearized" Digital Phase Detector Enhances Transfer Function 
Linearity 

• Pin-for-Pin Compatible with the MN6044 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSI 

4-BIT DATA BUS INPUT PLL 
FREQUENCY SYNTHESIZER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



PIN ASSIGNMENT 



V DD ( 
OSC in [1 
OSC out . C 
AO [ 
A1 C 


1 • 16 

2 15 

5 12 


1 v S s 

I fin 
] DO 
] Dl 
] D2 


A2[ 
ST | 
»5out E 


1 ' ^ 
7 10 
S 9 


] D3 
] Test 
1 PDout 



OSCmO^ 
OSC ut°^ 



DOo 1 



STo^ 



4> 



BLOCK DIAGRAM 
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, t t t t ,, fTTT 

LaichO Lalch 1 



Latch 
Control 

Circuitry 



CO CO O 
CO CO O 

> > 



J VDD 

V'DD 



-^-Bou 



LStctl 3 1 [U 

TTTTTTTT 



12-Btt*N Counter 



Phase 
Detector 



= PDout 



-«-^°vss 

< ^ oTcct 
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MAXIMUM RATINGS iVollages Referenced lo V ss ) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


V D D 


-0.5 to + 10 


Vdc 


Input Voltage, All Inputs 


V,n 


-0.5 to VqD + 0.5 


Vdc 


DC Current Drain Per Pin 


1 


10 


mA 


DC Current Dram Vrjo ° r Vss Pins 


1 


30 


mA 


Operating Temperature Range 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


"C 



ELECTRICAL CHARACTERISTICS 





Symbol 


VDD 


Tlow 


25 °C 


THiah 


Units 






Min 


Max 


Min 


Typ 


Max 


Min 


Max 












Power Supply Voltage Range 




- 


3 


9 


3 




9 


3 


9 


Vdc 


Output Voltage 
Vin = VDD or 


Level 


vol 


3 

5 
9 


— 


0.05 
0.05 
0.05 


- 







005 
005 
0.05 


— 


005 
0.05 
0.05 


Vdc 


V in = 0orV DD 


1 Level 


VOH 


3 

5 
9 


2.95 
4.95 
8.95 




2.95 
4.95 
895 


3 
5 
9 




2.95 
4,95 
8.95 




Input Voltage 
V = 2.5 or 0.5 
Vo = 4.5 or 0.5 
V = 8.5 or 1.5 


Level 


V|L 


3 
5 
9 




09 

1.5 
2.7 




1.35 
2.75 
4.05 


0.9 
1.5 
2.7 




0.9 
1.5 
2.7 


Vdc 


Vo = 0.5 or 2.5 
Vq = 0.5 or 4.5 
Vo = 15 or 8.5 


1 Level 




3 
9 


2.10 
35 
6.3 




2.10 
3.5 
6.3 


1.65 
2.75 
4.95 




2.10 
35 
6.3 






Output Current 
V 0H = 2.7 
VOH = 4.6 
V H - 8.5 


Source 


lOH 


3 
5 
9 


-0.44 
-0.64 
-1.3 




-0.35 
-051 
-1.0 


-0.66 
-0.88 
-1.3 




-0.22 
-0.36 
-0.7 




mAdc 


VOL = 3 

Vql = 0.4 
Vol = 0.5 


Sink 


lOL 


3 
5 
9 


0.44 
0.64 

1.3 




0.35 
0.51 

1.0 


0.66 
0.88 

1.3 




0.22 
0.36 
0.7 






Input Current 


Other Inputs 
fj n . OSCjn 


III 


9 
9 




±0.3 
±15 




±0.00001 
±5 


±0.1 
±10 




±1.0 
±8 


/iAdc 




tin. OSCin 
Other Inputs 


hH 


9 
9 




±15 
±0.3 




±5 
±0.00001 


±10 

±0.1 




±8 
±1.0 




Input Capacitance 




C|n 


3-9 




10 




6 


10 




10 


pF 


Output Capacitance 




3-9 




10 




6 


10 




10 


pF 


c out 










Quiescent Current 






3 




800 
1200 
1600 




200 
300 
400 


800 
1200 
1600 




1600 
2400 
3200 


pAdc 






] DD 


5 
9 








3-State Leakage Current 


PDout 


4 


9 




±0.1 




±00001 


±0.1 




±3 


MAdc 



NOTE: T, ow = -40»C 
Thigh = 85°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. For proper 
operation it is recommended that V, n and V out be constrained to the range Vss* IVj n or V ou ,)sVdd 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or v dq). 
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SWITCHING CHARACTERISTICS IT A = 25°C, C L = 50 pF) 



Characteristic 


Symbol 


V D D 


Min 


Typ 


Max 


Units 








3 




l r iO 


200 




Outpul Rise Time 




1TLH 


6 
9 


- 


50 
40 


100 
80 


ns 








3 




too 


200 




Output Fall Time 




'THL 


5 
9 


- 


50 
40 


100 
80 


ns 


Setup Times 
Data to ST 




'su 


3 
5 
9 




- 


- 


ns 


Address to ST 




'su 


3 
5 
9 








ns 








3 










Hold Time 

Data, Address to ST 




<h 


5 
9 








ns 


Input Rise And Fall Times 
OSC in . ( in 


'TLH 
tTHL 


3 
5 
9 






5 
4 
2 


MS 


Input Pulse Width 
OSC, n . fjn. Strobe 


'W 


3 
5 
9 


'. 

35 
25 


30 
20 
15 




ns 



FREQUENCY CHARACTERISTICS 











T|ow 


25°C 


Thigh 






Characteristic 


Symbol 


VDD 


Min 


Max 


Min 


Typ 


Max 


Mm 


Max 


Units 


Operating Freguencv 






3 




17 




27 


14 




12 




osc in 


Input = SQWaveVQD - Vss 


'max 


5 




33 




56 


27 




21 


MHz 








9 




35 




65 


35 




33 






Input = Sin Wave 500 mVp-p 




3 




11 




21 


10 




9 








'max 


5 




20 




34 


17 




15 


MHz 








9 




17 




34 


17 




15 




Operating Frequency 






3 




9 




15 


8 




7 






Input = SQWaveVoo - Vss 


'max 


5 




19 




30 


15 




15 


MHz 








9 




31 




52 


26 




22 






Input = Sin Wave 500 mVp-p 




3 




10 




15 


7 




6 








'max 


5 




18 




31 


16 




15 


MHz 








9 




21 




31 


15 




15 





Tlow " " 40°C 
T high = 85°C 
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VqD (P' n U — Positive power supply. 

OSCi n , OSC ou t (Pins 2 and 3) - These pins form an on- 
chip reference oscillator when connected to terminals of an 
external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSCj n to ground and OSC ou t t0 ground. OSCj n may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used In the external reference mode, 
no connection is required to OSC out 

ADDRESS INPUTS (Pins 4, 5, 6) - AO, A1 and A2 are us- 
ed to define which latch receives the information on the data 
input lines. The addresses refer to the following latches: 
(NOTE: Bit Zero is LSB) 



A2 


A1 


AO 


Selected 


Function 


DO 


D1 


D2 


D3 





0~ 





Latch 


Reference- Bits 





1 


2 


3 








1 


Latch 1 


Reference-Bits 


4 


5 


6 


7 





1 





Latch 2 


+ N Bits 


3 


4 


5 


6 





1 


1 


Latch 3 


* N Bits 


7 


8 


9 


10 


1 
1 








1 


Latch 4 


*N Bit 


11 








1 
1 


1 
1 




1 















ST (Pin 7) — When high, this input will enter the data that 
appears at the DO, D 1 , D2 and D3 inputs, and when low, will 
latch that information. When high, any changes in the data 
information will be transferred into the latches. 

* 5 (Pin 8) - The * 5 output is one fifth the reference fre- 
quency, fR, that is derived by dividing the OSC, n signal by 
the reference divider 

PDout (Pin 9) - Three-state output of phase detector for 
use as loop error signal. Note that output is of opposite 
polarity of the other PLL synthesizers in this family. 

Frequency fv>fR or fy Leading: Positive Pulses. 

Frequency fv<fR or fv Lagging: Negative Pulses. 

Frequency V = fR and Phase Coincidence: High- 
Impedance State. 

TEST (Pin 10) — This input is used during manufacturing 
and should be left open or tied to V$s during normal opera- 
tion. 

DATA INPUTS (Pins 11, 12, 13, 14) - Information at 
these inputs is transferred to the internal latches when the 
ST input is in the high state. Pin 11 (D3) is most significant. 

fin (Pin 151 - Input to *-H portion of synthesizer. fj n is 
typically derived from loop VCO and is AC coupled into Pin 
15. For larger amplitude signals (standard CMOS-logic 
levels) DC coupling may be used. 



Vss (Pin 16) - Circuit Ground. 



Rl 



PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 

■OVCO 



f 



VVCO 



NR1C 

f = 0.5 IN/K^Kycol 



Flsl 



R1CS + 1 



PD oul <> Wr- 



y NCIR1 + 



<*Kyco_ 

R2I 



t = 0.5u N IR2C + N/K KvcO> 



Flsl 



SIR1C + R2CI + 1 



DEFINITIONS: N = Total Division Ratio in feedback loop 
<« - V D D/4i for PD ou , 

KVCO = 2tA ' VC0 
AVyco 

for a typical design h>n e I2ir/1 01 f r (at phase detector input) 
t ■ 1 
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FIGURE 1 - 
PHASE DETECTOR WAVEFORMS 



fv 

Feedback 
lf,n ♦ Ml 



'R 

Reference 
lOsc * Rl 



P D Out 



ji 



it 



NOTE. The Pq output state is equal to e.ther V DD or V S s when active. When not active, the output is high impedance and the voltage at that 
pin is determ.ned by the low pass filter capacitor 

This phase detector output is of opposite polarity to that of the other phase locked loop products mentioned below. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 


Format 


Prescale 


Phase Detector 


MC 145144 
MC145145 
MC145146 


4-Bit Data 
Bus Input 
Format 


Single Modulus 
Single Modulus 
Dual Modulus 


3 State 
3 State/2 Output 
3 State/2 Output 


MC145151 
MC145152 


Parallel Input 
Format 


Single Modulus 
Dual Modulus 


3 State/2 Output 
2 Output 


MC145155 
MC145156 
MC145157 
MC145158 
MC145159 


Serial Input 
Format 


Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 


3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/ Analog 
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FIGURE 2 

TYPICAL f in MAXIMUM FREQUENCY vs V DD 
INPUT = 500 mV p-p 
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-40°C 
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85°C 



















"DO 



FIGURE 4 

TYPICAL f in MAXIMUM FREQUENCY v 5 V DD 
, INPUT = SQ WAVE V DD -V S S 




FIGURE 3 

TYPICAL OSC in MAXIMUM FREQUENCY vs V D 
INPUT = 500 mV p-p 
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FIGURE 5 

TYPICAL OSC in MAXIMUM FREQUENCY vs V DD 
INPUT=SQ WAVE V DD -V S S 
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FIGURE 6 
TYPICAL l DD vs FREQUENCY 
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tin 
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NOTE: To compute total Iqq add component due to fj n with that due to OSCj n . 
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FIGURE 7 - TV/CATV TUNING SYSTEM 
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4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER 



The MC145145 is one of a family of LSI PLL frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145145 is programmed by a 4-bit input, with strobe and ad- 
dress lines. The device features consist of a reference oscillator, 12-bit 
programmable reference divider, digital-phase detector, 14-bit program- 
mable divide-by -N counter and the necessary latch circuitry for accept- 
ing the 4-bit input data. When combined with a loop filter and VCO, the 
MC145145 can provide all the remaining functions for a PLL frequency 
synthesizer operating up to the device's frequency limit. For higher VCO 
frequency operation, a down mixer or a fixed divide prescaler can be us- 
ed between the VCO and MC145145. 

• General Purpose Applications 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 

Two Way Radios Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability (5)5 Vdc 

• Programmable Reference Divider for Values Between 3 and 4095 

• On- or Off-Chip Reference Oscillator Operation 

• Single Modulus 4-Bit Data Bus Programming 

• * N Range = 3 to 16383 

• "Linearized" Digital Phase Detector Enhances Transfer Function 
Linearity 

• Two Error Signal Options — 

Single Ended (Three State) 
Double Ended 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSI 

4-BIT DATA BUS INPUT PLL 
FREQUENCY SYNTHESIZER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 726 



P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



PIN ASSIGNMENT 



D1 I 
DO [ 

'in I 
VSS I 
VDDl 
OSCjn [ 
0SC out I 
AO [ 
A1 



2 
3 



[ 9 



1 02 
J D3 

I REF out 

1*5 

I *V 
1 LD 

" PDou. 
I ST 
I A2 



REF out o- 



OSCjn» 
OSC ut°- 




BLOCK DIAGRAM 
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D2o± 



A1o 
A0o 



Latch 
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Lock 
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^oLD 



Phase 
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-«-2oV D D 
-»-=oVss 
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MAXIMUM RATINGS [Voltages Referenced to Vss) 



Rating 

DC Supply Voltage 


Symbol 

vdd 


Value 

-0 5 to + 10 


Unit 

Vdc 


Input Voltage, All Inputs 


Vin 


-0.5 to vdd +o.6 


Vdc 


DC Current Drain Per Pin 


i 


10 


mA 


DC Current Drain Vqd 0f ^SS P' ns 


i 


30 


mA 


Operating Temperature Range 


T A 


- 40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to + 150 


°C 



ELECTRICAL CHARACTERISTICS 









T|ow 


25 °C 






Characteristic 


Symbol 


vdd 




Thiflh 


Units 


Min 


Max 


Min 


Typ 


Max 


Mm 


Max 


Power Supply Voltage Range 


vdd 


- 


3 


9 


3 


- 


9 


3 


9 


Vdc 


Output Voltage 
Vin = VDD or0 


Level 


vol 


3 

5 
9 


_ 

- 

- 


0.05 
0.05 
0.05 


- 
- 
- 







006 
0.05 
0.05 


- 
- 
- 


05 
0.05 
0.05 


Vdc 








3 


2.95 


- 


2.95 


3 


- 


2.95 


- 


V in =0orV DD 


1 Level 


VOH 


S 


4.95 




4 95 


5 




4 95 












g 


8 95 




895 


9 




895 






Input Voltage 


Level 






















V = 2.5 or 5 




VlL 


3 




0.9 




1 35 


0.9 




0.9 




Vq = 4 5 or 0.5 
V = 8.5 or 1.5 




5 




1.5 




2.75 


1.5 




1.5 








9 




2.7 




4.05 


2.7 




2.7 


Vdc 


V O = 0.5or2.5 


1 Level 




3 


2.10 




2.10 


1.65 




2.10 






V O = 0.5 or 4.5 




V|H 


5 


3.5 




3.5 


2.75 




3.6 






V =1.5 or 8.5 




9 


6.3 




6.3 


4.95 




6.3 






Output Current 
V OH = 2.7 


Source 










-0.35 






-0.22 










3 


-0.44 




-0 66 








V H=4.6 
V H = 8.5 




lOH 


5 
9 


-0.64 
-1.3 




-0.51 
-1.0 


-0.88 
-1.3 




-0.36 
-0.7 




mAdc 


V L=03 








0.44 




0.35 


0.66 




0.22 






Sink 




3 










V O L=0 4 




!OL 


5 


0.64 




0.51 


088 




36 






V OL =05 






9 


1.3 




1.0 


1.3 




0.7 






Input Current 
























Other Inputs 


•lL 


9 




±0.3 




±0 00001 


±0.1 




±1.0 






fj n . OSCin 


9 




±15 




±5 


±10 




±8 


/*Adc 




'in. OSCj n 


L 


9 




±15 




±5 


±10 




±8 






Other Inputs 


9 




±0.3 




1 0.00001 


±0.1 




±1.0 




Input Capacitance 




Cin 


3-9 




10 




6 


10 




10 


pF 


Output Capacitance 




Cout 


3-9 




10 




6 


10 




10 


pF 


Quiescent Current 






3 




800 




200 


800 




1600 








IDD 


5 




1200 




300 


1200 




2400 


MAdc 








9 




1600 




400 


1600 




3200 




3-State Leakage Current 


PDout 


IlL 


9 




±0.1 




±0.0001 


±0.1 




±3.0 


,.Adc 



NOTE: T tow - -40°C 
Thigh = 85°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. For proper 
operation it is recommended that V, n and V ou t be constrained to the range VssslVj n or VoutlsVDD 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or V DD> 
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SWITCHING CHARACTERISTICS (T A = 25°C, C L = 50 pFI 



1*1 laiaL-lol lo IH- 


oymooi 


V DD 


Min 


lyp 


M x 


Units 










'TLH 


3 
5 


- 

- 


100 
50 


200 
100 


ns 


Output Rise Time 












ou 






3 




100 


200 




Output Fall Time 


'THL 


5 
9 


_ 


50 
40 


100 
80 


ns 















ns 


Setup Times 
Data to ST 

Address to ST 


tsu 


3 
5 
9 


- 


<su 


3 

5 


- 


- 


- 


ns 






9 










Hold Time 


<h 


3 
5 








ns 


Data, Address to ST 


9 






















Output Pulse Width 
*r, *v with fR in 
Phase With f v 


'WH(«I 


3 
5 
9 


70 
50 
30 


120 
100 
80 


170 
150 

130 


ns 


Input Rise and Fall Times 
OSC in , f in 


'TLH 
'THL 


3 
5 
9 






5 
4 
2 


fiS 


Input Pulse Width 
OSC in , f jn . Strobe 


'W 


3 
5 
9 


40 
35 
25 


30 
20 
16 




ns 



FREQUENCY CHARACTERISTICS 









Tlnuv 


2S°C 


Th 


9 h 




Characteristic 


Symbol 


V DD 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Units 


Operating Frequency 
0SC, n 


Input = SQWaveVQQ - VSS 


'max 


3 
5 
9 




17 
33 
35 




27 
55 
65 


14 

27 
35 




12 
21 
33 


MHz 


Input = Sin Wave 500 mVp-p 


'max 


3 
5 
9 




11 
20 
17 




21 
34 
34 


10 
17 
17 




9 
15 
15 


MHz 






















Operating Frequency 
'in 


Input = SO Wave VQD - Vss 


'max 


3 
5 
9 




9 
19 




15 
30 
52 


8 
15 
26 




7 
16 
22 


MHz 




31 








Input = Sin Wave 500 mVp-p 




3 
5 




10 




15 
31 


7 




6 






'max 






15 




15 


MHz 




9 




21 




31 


15 




15 




T lov» = -40"C 
Thigh = 85°C 
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DATA INPUTS (Pins 2, 1, 18, 17) - Information at these 
inputs is transferred to the internal latches when the ST in- 
put is in the high state. Pin 17 (D3) is most significant. 

fin (Pin 3) — Input to *N portion of synthesizer. fj n is 
typically derived from loop VCO and is AC coupled into Pin 
3. For larger amplitude signals (standard CMOS-logic levels) 
DC coupling may be used. 

Vss IP'" 41 _ Circuit Ground. 

Vqd l p in 5) - Positive power supply. 



ST (Pin 11) — When high, this input will enter the data 
that appears at the DO, Dl , D2 and D3 inputs, and when low, 
will latch that information. When high, any changes in the 
data information will be transferred into the latches. 



PD out (Pin 12) - Three-state output of phase detector for 
use as loop error signal 

Frequency fv>fR or fy Leading: Negative Pulses. 
Frequency fy<fR or fy Lagging: Positive Pulses. 
Frequency fy = fR and Phase Coincidence: High- 
Impedance State. 



OSCi n , OSC ou t (Pins 6 and 7) - These pins form an on- 
chip reference oscillator when connected to terminals of an 
external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSCj n to ground and OSC ou t to ground. OSCj n may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used. In the external reference mode, 
no connection is required to OSC out . 

ADDRESS INPUTS (Pins 8, 9, 10) - AO, A1 and A2 are 

used to define which latch receives the information on the 
data input lines. The addresses refer to the following latches: 



A2 


A1 


AO 


Selected 


Function 


DO 


D1 


D2 


D3 











Latch 


* N Bits 





1 


2 


3 








1 


Latch 1 


* N Bits 


4 


5 


6 


7 





1 





Latch 2 


* N Bits 


8 


9 


10 


11 





1 


1 


Latch 3 


*N Bits 


12 


13 






1 








Latch 4 


Reference Bits 





1 


2 


3 


1 





1 


Latch 5 


Reference Bits 


4 


5 


6 


7 


1 


1 





Latch 6 


Reference Bits 


8 


9 


10 


11 


1 


1 


1 















LD (Pin 13) - Lock detector signal. High level when loop 
is locked Kr, fy of same phase and frequencyl. Pulses low 
when loop is out of lock. 



*V. <t>R (Pins 14 and 15) - These phase detector outputs 
can be combined externally for a loop error signal. A single- 
ended output is also available for this purpose (see PD ou t). 

If frequency fy is greater than fR or if the phase of fy is 
leading, then error information is provided by <Ay pulsing 
low. 0r remains essentially high. 

If the frquency fy is less than fR or if the phase of fy is lag- 
ging, then error information is provided by 0r pulsing low. 
*y remains essentially high. 

If the frequency of fy = fR and both are in phase, then 
both <t>\j and #r remain high except for a small minimum 
time period when both pulse low in phase. 



PEPout (Pin 16 l - Buffered output of on-chip reference 
oscillator or externally provided reference-input signal. 
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PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 

Al PDouI° VA 1 ° VC0 i f<+Kurn 

* RO — C J N ~ J/ NR1C 

VO — r = 0.5 IN/K^KvCOl 

Flsl = — ! 

H1CS + 1 




}/ K »*VC 

J/nciri + 



K » Kyco 

R2I 



7±T i = 0.5* N IR2C + N/K K VCO I 



Flsl 



+ 1 



SIR1C + R2C) + 1 




NOTE: Sometimes R 1 is split into two series resistors each R 1 2. A capacitor Cc is then placed from the midpoint to ground to further filter 0v and 
*r. The value for Cc shouid be such that the comer frequency of this network does not significantly affect urj 

DEFINITIONS: N = Total Division Ratio in feedback loop 
K = VDD'4* for PDoul 
K « - Vdd/2x for «v an d *R 

K VC0 = 2 "" VC0 
AV V C0 

for a typical design u N = (2W10I f r (at phase detector input! 
t ■ 1 



MC145145 



FIGURE 1 

PHASE DETECTOR OUTPUT WAVEFORMS 



Reference 
(Osc - R) 



'V 

Feedback 

i*to - m 



Pq Out 



n n 



— 



ir 



LD 



NOTE: The Pq output state is equal to either Vqd or Vss when active When not active, the output is high impedance and the voltage at that 
pin is determined by the tow pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 



MC145144 
MC145145 
MC145146 



MC145151 
MC145152 



MC145155 
MC145156 
MC145157 
MC145158 
MC145159 



Format 



4-Bit Data 
Bus Input 
Format 



Parallel Input 
Format 



Serial input 
Format 



Prescale 



Single Modulus 
Single Modulus 
Dual Modulus 



Single Modulus 
Dual Modulus 



Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 





Phase Detector 



3 State 
3 State/2 Output 
3 State/2 Output 



3 State/2 Output 
2 Output 



3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/Analog 
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MHz 
50 

40 

30 

20 
10 



FIGURE 2 

TYPICAL (]„ MAXIMUM FREQUENCY vs V DD 
INPUT = 500 mV p + p 

















-40°C 
















25°C 








85-C 



























OSCi, 
MHz 

50 
40 

30 
20 
10 



FIGURE 3 

TYPICAL OSC in MAXIMUM FREQUENCY vs V DD 
INPUT = 500 mVp-tp 

















40°cH 
25°C 
85"C — 



































3 



MHi 



FIGURE 4 

TYPICAL f in MAXIMUM FREQUENCY vs V DD 
INPUT = SQ WAVE (V DD -V S s) 


















-40°C 




















85"C 








































i Volts 

voo 



osc, 

MHz 



FIGURE 5 

TYPICAL OSC in MAXIMUM FREQUENCY vs Vqq 
INPUT = SQ WAVE IV DD -V S S> 



FIGURE 6 
TYPICAL l DD vs FREQUENCY 
'DD 
















85'C 




























































1 9 VoHl 




NOTE: To compute total l DD add component due to tin with that due to OSCin. 
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APPLICATIONS 

The features of the MC145145 permit bus operation with a 
dedicated wire needed only for the strobe input. In a 
microprocessor controlled system this strobe input is ac- 
cessed when the phase lock loop is addressed. The remain- 
ing data and address inputs will directly interface to the 
microprocessor's data and address buses. 

The * R programmability is used to advantage in Figure 7. 
Here, the nominal *■ R value is 3667; but by programming 



small changes in this value, fine tuning is accomplished. Bet- 
ter tuning resolution is achievable with this method than by 
changing the + N, due to the use of the large fixed prescal- 
ing value of +256 provided by the MC12071. 

The two loop synthesizer, in Figure 8, takes advantage of 
these features to control the phase locked loop with a 
minimum of dedicated lines while preserving optimal loop 
performance. Both 25 Hz and 100 Hz steps are provided 
while the relatively large reference frequencies of 10 kHz or 
10.1 kHz are maintained. 



FIGURE 7 - TV/CATV TUNING SYSTEM 






I 



3 58106 MHz 

ii 



MC12071 




Prescaler 







Keyboard 

r 



MC145145 



I 



■AAAr 



Vref 



MC1458 



Address Data 
MC6806 
Microcomputer 



J_LED Displays^ 




MC14046 

FSK 
Decoder 



HH-t> 



-Vw — i 



1/6 14069 



Remote Control Section 




=IGURE 8 - TWO-LOOP SYNTHESIZER PROVIDES 25 and 100 Hz FREQUENCY STEPS WHILE MAINTAINING HIGH DETECTOR 
COMPARISON FREQUENCIES OF 10 AND 10.1 kHz 



_L7 



10.1000 _ 
MHz ' I 



X 



" t f 

Address & Data 



I 



o 



CJ1 



OSC ou t 


R EF Q y, 


LD 


OSCj n 
DO 




PDout 


D1 






D2 
D3 
AO 


MC146145 
Loop 1 


*R 

«v 


Al 






A2 




w 


ST 


Vqd V S s 





rr 

fl6 1 13 



OSC ou i 


REFoul 


LD 

PDout 


OSCin 




DO 






D1 






D2 
D3 


MC145146 
Loop 2 


0R 

*V 


AO 






Al 






A2 








fin 2 


ST 


VDD 


VSS 



To Ci 



J 

Chip Select 




7 99% to 32.0184 MHz 1 9999 to 80046 MHz 
(100 Hz Stepsl (25 Hz Stepsl 



4.000 to 15.0100 MHz 
(10 kHz Stepsl 



NOTES: 1. Table 1 provides program sequence lor the -N1 (Loop II and * N2 (Loop 21 Counters. 

2. * R1 = 1000, f R1 = 10.1 kHz; * H2= 1010. fR2=10kHz. 

3. fvc0l = N1lfRl) + N2(lR2l = N1(fR2 + Afl + N2(lR2l where Af= 100 Hz. 

4. Other fm and fR2 values may be used with appropriate + Nl and * N2 changes. 
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ft K>WOTO*# 



TABLE 1 - PROGRAMMING SEQUENCE FOR TWO-LOOP SYNTHESIZER OF FIGURE 8 



~| 396" 

"A" 397 

I I 

i 495 



1 



, 1586 



T 

'E' 

| ^1684 



finl (MHz) 



} 3.9996 

"B" 4,0097 

I 1 

i 4.9995 



"B" 



16.0085 
16.0186 



400 
399 
* 

301 



401 
400 

t 

302 



402 
401 



1600 
1599 



1501 



fVC02 (MHz) 



4.0000 
3.9900 
♦ 

3.0100 



4.0100 
4.0000 
* 

3.0200 



4.0200 
4.0100 
I 

3.0300 



15.0000 



16.0000 
15.9900 



15.0100 



fy C Q1 (MHz) 



7.9996 
7.9997 

8.0095 



8.0096 
8.0097 

i 

8 0195 



8.0196 
8.0197 



Increasing 
In 100 Hz Steps 

19.9995 



19.9996 
19.9997 
I 

20.0095 



20.0085 
20.0086 



20.0185 
20.0186 



20.0284 



Increasing 
In 100 Hz Steps 
t 

32.0084 



32.0085 
32.0086 
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4-BIT DATA BUS INPUT PLL FREQUENCY SYNTHESIZER 

The MC145146 is one of a family of LSI PLL frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145146 is programmed by a 4-bit input, with strobe and ad- 
dress lines. The device features consist of a reference oscillator, 12-bit 
programmable reference divider, digital-phase detector, 10-bit program- 
mable divide-by-N counter, 7-bit divide-by-A counter and the necessary 
latch circuitry for accepting the 4-bit input data. When combined with a 
loop filter and VCO, the MC145146 can provide all the remaining func- 
tions for a PLL frequency synthesizer operating up to the device's fre- 
quency limit. For higher VCO frequency operation, a down mixer or a 
dual modulus prescaler can be used between the VCO and the 
MC145146 

• General Purpose Applications 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 

Two Way Radios Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability @5 Vdc 

• Programmable Reference Divider for Values Between 3 and 4095 

• On- or Off-Chip Reference Oscillator Operation 

• Dual Modulus 4-Bit Data Bus Programming 

• *N Range=3 to1 023, * A Range= to 127 

• "Linearized" Digital Phase Detector Enhances Transfer Function 
Linearity 

• Two Error Signal Options — 

Single Ended (Three State) 
Double Ended 



MC145146 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

4-BIT DATA BUS INPUT PLL 
FREQUENCY SYNTHESIZER 



CERAMIC PACKAGE 
CASE 732 



P SUFFIX 

PLASTIC PACKAGE 
CASE 738 



PIN ASSIGNMENT 




osc in » 
osc ou ,» 



12-Bit +R Courv 



HIMHMTTT 

L5 ! L6 | L7 



AOo- 
STo- 



Latch 
Control 
Circuitry 



10-Bit *N Counter 



-!Sof R 



Lock 




Detect 





. ul 



7-Bit 
- A Counter 



oPDout 



»V D0 



Phase _!£<,*v 



Control 
Logic 
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MAXIMUM RATINGS (Voltages Referenced to V ss ) 





Rating 




Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to + 10 


Vdc 


Input Voltage, All Inputs 


V,n 


-0.5 to V DD + 0-5 


Vdc 


DC Current Drain Per Pin 


I 


10 


mA 


DC Current Drain Vqq or Vgs Pins 


I 


30 


mA 


Operating Temperature Range 


t a 


-40 to +85 


°C 


Storage Temperature Range 






T stg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


VDD 


Tic 


w 


25 °C 


Thigh 


Units 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Voltage Range 


VDD 




3 


9 


3 


- 


9 


3 


9 


Vdc 


Output Voltage 
Vin = VDD or0 


Level 


v OL 


3 
5 
g 


- 


005 
0.05 
0.05 


- 
— 
- 







0.05 
0.05 
0.05 


- 
— 
- 


0.05 
0.05 
0.06 










3 


2.95 


— 


2.95 


3 


- 


2.96 


- 


Vdc 


V in = orV DD 


1 Level 


VOH 


5 


4.95 




4.95 


5 




4.95 












9 


8.95 




8.95 


9 


- 


8.95 


- 


























Input Voltage 


Level 






















Vo = 2.5 or 0.5 




VlL 


3 




0.9 


— 


1 35 


0.9 


— ' 


0.9 




V = 4.5 or 0.5 




5 




1 .5 




2 75 


1 5 




1 5 




Vo = 8.5 or 1.5 






9 




2.7 




4.05 


2.7 




2 7 


Vdc 


Vo = 0.5or2.5 


1 Level 




3 


2 10 




2.10 


1 65 




2.10 






Vo = 0.5 or 4.5 




V|H 


5 


3.5 


- 


3.5 


2.75 




3.5 






V =1.5or8.5 






9 


6.3 


— 


6.3 


4 95 




6.3 






Output Current 


Source 






















V OH = 2.7 






3 


-0.44 


- 


-0.35 


-0.66 




-0.22 






V0H = t .6 




lOH 


5 


-0.64 




-0.51 


-0.88 




-0.36 






Voh=8.6 




9 


-1.3 




- 1.0 


-1.3 




-0.7 




mAdc 


Vol = 0.3 


Sink 




3 


0.44 




0.35 


0.66 




0.22 






V L=04 




lOL 


6 


0.65 




0.51 


0.88 




0.36 






V O L=05 






9 


1.3 




1.0 


1.3 




0.7 






Output Current Modulus Control 
Voh-2.7 
V H = 4.6 


Source 
























!OH 


3 
5 


0.15 
45 




0.25 
0.75 


0.6 
1.5 




0.08 
0.23 




mAdc 


V H = 8.5 






9 


0.75 




1.25 


2.5 




0.38 






V O L=03 


Sink 




3 


0.48 




0.8 


1.6 




0.24 




mA 


Vni =0.4 




lOL 


5 


0.90 




1.5 


3 




0.45 




V O L = 0.5 


9 


2.10 




3.5 


7 




1.05 






Input Current 


Other Inputs 


i|L 
l|H 


9 




±0.3 




±00001 


±0.1 




±1.0 






fin. OSCjn 

fin, OSCin 
Other Inputs 


9 
9 
9 




±15 

±15 
±0.3 




±5 
±5 
±0.00001 


±10 

±10 
±0.1 




±8 
±8 
±1.0 


pAdc 


Input Capacitance 


Qn 


3-9 




10 




6 


10 




10 




Output Capacitance 


Cout 


3-9 




10 




6 


10 




10 


pF 


Quiescent Current 






3 




800 




200 


800 




1600 






'BO 


5 




1200 




300 


1200 




2400 


/iAdc 








9 




1600 




400 


1600 




3200 




3-State Leakage Current 


PD out 


IlL 


9 




±0.1 




±0.00001 


±0.1 




±3.0 


nAdc 



NOTE: T jow = -40°C 
Thigh = 85°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit- For proper 
operation it is recommended that Vj n and V out be constrained to the range Vss^fVin or V ut l£V DD- 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either V$s or Vqd' 
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SWITCHING CHARACTERISTICS IT A = 25°C. C L = 60pFI 



Characteristic 


Symbol 


V'DD 


Min 


Typ 


Max 


Units 










3 




100 


200 




Output Rise Time 






tTLH 


5 




50 


100 
80 


ns 








9 


: 


40 






3 


- 


100 


200 




uutput hall i ime 




tTHL 


5 
9 




50 
40 


100 
60 


ns 









3 




80 


160 




Propagation Delay Time 




IPLH 


5 
9 


- 


50 
30 


'too 

60 


ns 


Clock to Modulus Control 


T PHL 


3 

6 


- 


80 
50 


160 
100 


ns 






9 




30 


60 




Setup Times 
Data to ST 


tsu 


3 
5 
9 


10 
10 
10 







_ 


ns 


Address to ST 




tsu 


3 
5 
9 


80 
50 
30 


60 
30 
18 


- 


ns 


















Hold Time 
Data. Address to ST 


th 


3 
5 
9 


35 
25 
20 


15 
10 
10 




ns 


Output Pulse Width 
*R. *V with fR in 
Phase with fv 


tWH(0l 


3 
5 
9 


70 
50 
30 


120 
100 
80 


170 
150 
130 


ns 


Incut Rise and Fall Times 


tTLH 


3 






6 




OSC in , fin 




tTHL 


5 
9 






4 

2 


MS 


Input Pulse Width 
OSCjn, fj n . Strobe 




tw 


3 
5 
9 


40 

35 
25 


30 
20 
15 




ns 



FREQUENCY CHARACTERISTICS 



Characteristic 


Symbol 


V D D 


T|ow 


25 "C 


Thi 


gh 


Units 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Operating Frequency 




3 




17 




27 


14 




12 




OSC jn 


Input = SQ Wave Vqq - Vss 


'max 


5 
9 




33 
35 




55 
65 


27 
35 




21 
33 


MHz 




Input = Sin Wave 500 mV ptp 




3 




11 




21 


10 




9 






f max 


5 
9 




20 
17 




34 
34 


17 
17 




15 
15 


MHz 


Operating Frequency 
'in 


Input = SQ Wave Vqd _ V SS 


'max 


3 
5 




9 
19 




15 
30 


8 
15 




7 

IS 


MHz 








9 




31 




52 


26 




22 














10 
18 

21 




15 
31 
31 


7 

15 

15 








input = bin wave ouu mv ptp 


'max 


3 
5 
9 








6 
IS 

15 


MHz 











T| 0W = -40°C 
T high = 85°C 
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DATA INPUTS (Pins 2, 1, 20, 19) - Information at these 
inputs is transferred to the internal latches when the ST in- 
put is in the high state. Pin 19 (D3I is most significant. 

fin (Pin 3) - Input to - N portion of synthesizer. f| n is 
typically derived from loop VCO and is AC coupled into Pin 
3. For larger amplitude signals (standard CMOS-logic levels), 
DC coupling may be used. 

Vss l pin 4) - Circuit Ground. 

PD 0U t (Pin 5) — Three-state output of phase detector for 
use as loop error signal. 

Frequency fv>fR or fy Leading: Negative Pulses. 
Frequency fv<fR or fv Lagging: Positive Pulses. 
Frequency fv = fR and Phase Coincidence: High- 
Impedance State. 

Vqd (Pin 6) — Positive power supply. 

OSCjn, OSC ou t (Pins 7 and 8) - These pins form an on- 
chip reference oscillator when connected to terminals of an 
external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSC| n to ground and OSC out to ground. OSCj n may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used. In the external reference mode, 
no connection is required to OSC out . 

ADDRESS INPUTS (Pins 9, 10, 11) - AO, A1 and A2 are 

used to define which latch receives the information on the 
data input lines. The addresses refer to the following latches: 



A2 


A1 


AO 


Selected 


Function 


DO 


D1 


D2 


D3 











Latch 


- A Bits 





1 


2 


3 








1 


Latch 1 


■i A Bits 


4 


5 


6 







1 





Latch 2 


+ N Bits 





1 


2 


3 





1 


1 


Latch 3 


* N Bits 


4 


5 


6 


7 


1 








Latch 4 


+ N Bits 


8 


9 






1 





1 


Latch 5 


Reference Bits 





1 


2 


3 


1 


1 





Latch 6 


Reference Bits 


4 


5 


6 


7 


1 


1 


1 


Latch 7 


Reference Bits 


8 


9 


10 


11 



ST (Pin 12) - When high, this input will enter the data 
that appears at the DO, D1 , D2 and D3 inputs, and when low, 



will latch that information. When high, any changes in the 
data information will be transferred into the latches. 

LD (Pin 13) - Lock detector signal. High level when loop 
is locked (fR, fy of same phase and frequency). Pulses low 
when loop is out of lock, -yyv 

MODULUS CONTROL (Pin 14) - Signal generated by the 
on-chip control logic circuitry for controlling an external dual 
modulus prescaler. The modulus control level will be low at 
the beginning of a count cycle and will remain low until the 
* A counter has counted down from its programmed value. 
At this time, modulus control goes high and remains high 
until the * N counter has counted the rest of the way down 
from its programmed value IN-A additional counts since 
both * N and * A are counting down during the first portion 
of the cycle). Modulus control is then set back low, the 
counters preset to their respective programmed values, and 
the above sequence repeated. This provides for a total pro- 
grammable divide value INt) = N»P + A where P and P+1 
represent the dual modulus prescaler divide values respec- 
tively for high and low modulus control levels; N the number 
programmed into the +N counter and A the number pro- 
grammed into the * A counter. 

fv (Pin 15) - This is the output of the - N counter that is 
internally connected to the phase detector input. With this 
output available, the + N counter can be used independent- 
ly. 

*£V« 0R (Pins 16 and 17) — These phase detector outputs 
can be combined externally for a loop error signal. A single- 
ended output is also available for this purpose (see PD 0Ut ). 

If frequency fv is greater than fR or if the phase of fv is 
leading, then error information is provided by 4>\j pulsing 
low. </>r remains essentially high. 

If the frquency fsj is less than fR or if the phase of fv is lag- 
ging, then error information is provided by </>r pulsing low. 
*V remains essentially high. 

If the frequency of fv = fR and both are in phase, then 
both <(>v and 4>r remain high except for a small minimum 
time period when both pulse low in phase. 

fR (Pin 18) - This is the output of the * R counter that is 
internally connected to the phase detector input. With this 
output available, the * R counter can be used Independent- 
ly. 
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PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 



A) PD ou ,o WV T ° VC0 



° vco . / it k,.^ 

" N = I/ NRir 

« v0 — f = 0.5* N (N/K 4 <vC0l 

F(sl = ■ 

R1CS + 1 




1/ <»<vco 
" N y NCIR1 + R2I 

f = 0.5">N 1R2C + N/K^KvcO 1 

R2CS - 1 



Flsl = 



SIR1C + R2CI + 1 




NOTE: Sometimes R 1 is split into two series resistors each R 1 * 2 A capacitor Cq is then placed from the midpoint to ground to further filter »v and 
«R. The value for Cr; should be such that the corner frequency of this network does not significant affect u>n 

DEFINITIONS: N = Total Division Ratio in feedback loop 
= Vod"*" f ° r p Dout 
K * = VDD'2i for «v a n d «R 

AVycO 

for a typical design u>m = (2x/10) f r (at phase detector input) 
f ■ ' 
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FIGURE 1 



PHASE DETECTOR OUTPUT WAVEFORMS 



'R 

Reference 
(Osc * Rl 



fv 

Feedback 
"in * Nl 



Pq Out 



n 



ji 



LT 




NOTE: The Pq output state is equal to either Vqd or Vgs when active. When not active, the output is high impedance and the voltage at that 
pin is determined by the low pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 


Format 


Prescale 


Phase Detector 


MC145144 
MC145145 
MC145146 


4- Bit Data 
Bus Input 
Format 


Single Modulus 
Single Modulus 
Dual Modulus 


3 State 
3 State/2 Output 
3 State/2 Output 


MC145151 
MC145152 


Parallel Input 
Format 


Single Modulus 
Dual Modulus 


3 State/2 Output 
2 Output 


MC145155 
MC145156 
MC145157 
MC145158 
MC145159 


Serial Input 
Format 


Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 


3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/ Analog 
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FIGURE 2 FIGURE 3 

TYPICAL f in MAXIMUM FREQUENCY vs V D D TYPICAL OSC in MAXIMUM FREQUENCY vs V DD 

INPUT = 500 mV ptp INPUT - 500 mV ptp 




3 6 9 Volt) 3 6 9 Volts 

'DO V 0D 



FIGURE 6 
TYPICAL Iqd vs FREQUENCY 




10 20 30 MHz 10 20 30 MHz 

f-„ 0SCi„ 

NOTE: To compute total Iqd add component due to !j n with that due to OSC; n . 
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APPLICATIONS 



The features of the MC145146 permit bus operation with a 
dedicated wire needed only for the strobe input. In a 
microprocessor controlled system this strobe input is access- 
ed when the phase lock loop is addressed. The remaining 
data and address inputs will directly interface to the 
microprocessor's data and address buses. 

The device architecture allows the user to establish any in- 
teger reference divide value between 3 and4096. The wide 



selection of + R values permits a high degree of flexibility in 
choosing the reference oscillator frequency. As a result the 
reference oscillator can frequently be chosen to serve multi- 
ple system functions such as a second local oscillator in a 
receiver design or a microprocessor system clock. Typical 
applications that takes advantage of these MC145146 
features including the dual modulus capability are shown in 
Figures 7, 8 and 9. 



C34 MHz 




Clock 



Keyboard 



FIGURE 7 - FM/AM BROADCAST RADIO SYNTHESIZER 

Lock Detect Signal 



1 



osc ou , 

OSC in 


<R fv 


LD 
PDout 

«R 




MC145146 


*v 


VDD 




Mod 




Control 


Vss 

D3 D2 D1 






DO A2 Al AO 


fin 

ST 



19 20 1 I 2 m I 10 I 9 





MC6806 
Microcomputer 
Controller 




MC3393P 
* 15/16 Dual 
Modulus Prescaler 



Control Voltage 
To FM ang: AM 
Oscillators 



From 
FM OSC 




From 
AM OSC 



NOTES: II For FM: Channel spacing = fR = 25 kHz. * R = 160. 

For AM: Channel spacing = fp= 1 kHz, +R = 4000. 
21 Various channel spacings and reference oscillator frequencies can be chosen since any + R value from 3 to 4096 can be established. 
31 Data and address lines are inactive and high impedance when pin 12 is low. Their interface with the controller may therefore be 
shared with other system functions if desired. 
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2 



Choice of 
Ref. Osc 
Frequency 
(On-Chip Osc 
Optional) 



FIGURE 8 - SYNTHESIZER FOR UHF MOBILE RADIO TELEPHONE CHANNELS DEMONSTRATES USE OF THE MC145146 IN 
MICROPROCESSOR/MICROCOMPUTER CONTROLLED SYSTEMS OPERATING TO SEVERAL HUNDRED MHz 



} 



8 



18 



lb 



13 



For Use with External 
Phase Detector lOptional) 

Lock Detect 
*" Signal 



OSC out Ir t v LD 
OSCin 

V DD MC145146 

fi 

D3 D2 D1 DO A2 A1 AO ST 



vss 



Receiver 

L O. 

443.325—443.950 
MHz 
I25 kHz Steps) 




Loop 




Filter 





Choice of 

Detector Error Signals 



Transmitter 
Modulation 
and 15 7 MHz 
Offset 



Transmitter Signal 
.459.025 — 459 650 MHz 
125 kHz Steps) 







MC12011 


MC10154 


*■ 


-8/9 Prescaler 









NOTES: II 
21 
31 
4) 



J Cnip Select 

_ J* L to Controller 

To Shared 
Controller Bus 

Receiver I.F.= 10.7 MHz, low side injection. 

Duplex operation with 5 MHz receive/transmit separation 

f r = 25 kHz, - R chosen to correspond with desired reference oscillator frequency 
N, ota |= 17733 to 17758=N»P + A; N = 277, A=5to30for P = 64. 



v 

-64/65 or -128/129 
Dual Modulus Prescaler 



FIGURE 9 



- 666 CHANNEL, COMPUTER CONTROLLED, MOBILE RADIO TELEPHONE SYNTHESIZER FOR 
800 MHz CELLULAR RADIO SYSTEMS 




For Use With 

External 
Phase Detector 
lOptionall 

Lock Detect Signal 



«*• Receiver 
2nd. L.O. 
33.300 MHz 



Receiver First L.O. 
825.030 — 844 980 MHz 
kHz Sle 



PD ut| O- 

<*R 



VDD 



VSS 



MC145146 



*V 
Mod 
Control 

fi 



D3 D2 D1 DO A2 A1 AO ST 



119 I20 11 I 2 111 110 19 [12 

o 6 b 6 6 is k 6 



Loop 
Filter 



— *■ 


VCO 




X4 









Choice of Detector 
Error Signals 



To Shared 
Controller Bus 



_/ Chip Select 
To Controller 



MC10131 
Dual F/F 



Transmitter 
Modulation 


— *- 


X4 





MC12011 
^8/ »9 Prescaler 



Transmitter Signal 
825.030 — 844 980 MHz 
(30 kHz Steps) 



i-32/ -33 Dual Modulus Prescaler 
= 11.7 MHz, low side injection. 



NOTES: 1) Receiver 1st. I F. =45 MHz, low side injection; Receiver 2nd. I F. 
21 Duplex operation with 45 MHz receive.' transmit separation. 
31 lR = 7.5kHz, *R=1480. 

41 N, ota | = N-32 + A - 27501 to 28166; N = 859 to 880; A = to 31 . 

5) Only one implementation is shown. Various other configurations and dual modulus prescaling values to » 128/ * 129 are possible 
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PARALLEL INPUT PLL FREQUENCY SYNTHESIZER 

The MC145151 is one of a family of LSI PLL frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145151 is programmed by 14 parallel input-data lines. The 
device features consist of a reference oscillator, selectable-reference 
divider, digital-phase detector and 14-bit programmable divide-by-N 
counter. When combined with a loop filter and VCO, theMC145151 can 
provide all the remaining functions for a PLL frequency synthesizer 
operating up to the device's frequency limit. For higher VCO frequency 
operation, a down mixer or a fixed divide prescaler can be used between 
the VCO and MC145151. 



• General Purpose Applications — 
CATV TV Tuning 
AM/FM Radios Scanning Receivers 
Two-Way Radios Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability <g> 5 Vdc 

• 8 User Selectable Reference Divider Values - 8, 128, 256, 512 
1024, 2048, 2410, 8192 

• On- or Off-Chip Reference Oscillator Operation 

• Lock Detect Signal 

• + N Counter Output Available 

• Single Modulus/Parallel Programming 

• -t-N Range = 3 to 16383 

• "Linearized" Digital Phase Detector Enhances Transfer Function 
Linearity 

• Two Error Signal Options — 

Single Ended (Three-State) 
Double Ended 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSI 

PARALLEL INPUT PLL 
FREQUENCY SYNTHESIZER 




L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 733 CASE 7 1 



PIN ASSIGNMENT 




BLOCK 



OSCoutoS 



RA1 °T 



VDD 
VSS 



12 x 8 ROM Reference Decoder 



DIAGRAM 



12-Bit * R Counter 



Lock 
Detect 



— 2§oLD 



fl„.J 










14-Bit +N Counter 


** V D D 
Transmit -21 1 




> fHHffHIHH 




Transmit Offsel Adder 


Receive 



N13 N11 N9 N7N6 HA N2 NO 



Phase 
Detector 
A 



Phase 
Detector 
B 



»PD C 



Note: NO through N13 inputs and inputs 
RAO. RA1 and RA2 have putlup resistors 
not shown. 
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MAXIMUM RATINGS (Voltages Referenced to V S sl 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to + 10 


Vdc 


Input Voltage, All Inputs 


Vin 


-0.5 to Vqd 


Vdc 


DC Current Drain Per Pin 


I 


10 


mA 


DC Current Drain Vqd or V$s Pins 


I 


30 


mA 


Operating Temperature Range 


TA 


-40 to +85 


='C 


Storage Temperature Range 


T stg 


-65 to + 150 


°c 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


VDD 


T L 


ow 




25 °C 




Th 


igh 


Units 










Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Voltage Range 






3 


9 


3 




9 


3 


9 


Vdc 


Outout Voltaae 


Level 




3 




0.05 







0.06 




005 




v in = VDD ° r 


vol 


5 
9 




0.05 
0.05 








0.05 
005 




0.05 
0.05 


Vdc 


V in . or Vqd 


1 Level 


VOH 


3 
5 
9 


2.95 
4.95 

8.95 


- 


2.95 
4.95 
8.95 


3 
5 
9 


- 


2.95 
4.95 
8.95 


- 


Input Voltage 
V = 2.5 or 0.5 
Vq - 4.5 or 0.5 
V = 8.5 or 1.5 
V = 0.5 or 2.5 
Vo = 0.5 or 4.5 
V = 1.5 or 8 5 


Level 


VlL 


3 
5 




0.9 
1.6 




1.35 
2.75 


0.9 
1.5 




0.9 
1.5 




1 Level 




9 




2.7 




4.05 


2.7 




2.7 


Vdc 


V|H 


3 
5 
9 


2.10 
3.5 
6.3 




2.10 
35 
6.3 


1.65 
2.75 
4.95 




2.10 
3.5 
6.3 
















Output Current 




Source 


'OH 




















V 0H = 2 7 
V 0H - 4.6 
VOH - 8.5 

vol = o.3 
v 0L = o.4 
vol = 0.5 


Sink 


3 
5 
9 


-0.44 
-0.64 
-1.3 




-0.35 
-0.51 
-1.0 


-0.66 
-0.88 
-1.3 




-0.22 

-0.36 
-0.7 




mAdc 


IOL 


3 
5 
9 


0.44 
0.64 
1.3 




0.35 
0.51 
1.0 


0.66 
0.88 
1.3 




0.22 
0.36 
0.7 




Input Current 


Other Inputs 
'in. OSCin 
'in, OSC, n 

Other Inputs 


IlL 


9 
9 




-60 
±15 




-25 
±5 


-50 
±10 




-35 
±8 


/*Adc 


l|H 


9 
9 




±15 
±0.3 




±5 
±0.00001 


±10 
±0.1 




±8 
±10 


Input Capacitance 


C|n 


3-9 




10 




6 


10 




10 


pF 


Output Capacitance 


Cout 


3-9 




10 




6 


10 




10 


pF 


Quiescent Current 


'DD 


3 
5 
9 




800 
1200 
1600 




200 
300 
400 


800 
1200 
1600 




1600 
2400 
3200 


pAdc 


Three-State Leakage Current PD ou t 


K 


9 




±0.1 




±0 0001 


±0.1 




±3.0 


jiAdc 



NOTE: T, ow = -40°C 
Thigh = 85°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it 
is recommended that V ln and V oul be constrained to the range Vss s IVi n or V out l < Vqd 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either V ss or VoqI. 
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SWITCHING CHARACTERISTICS <T A = 25°C, C L = 50 pF) 





Symbol 


V DD 


Min 


Typ 


Max 


Units 








3 




100 


200 




Output Rise Time 




<TLH 


5 
9 




50 
40 


100 
80 


ns 




- 








3 




100 


200 




Output Fall Time 




'THL 


5 




50 


100 


ns 








9 




40 


80 




Output Pulse Width 
♦R, *v with fR in 




<WH(*I 


3 
5 


70 
60 


120 
100 


170 






150 


ns 


Phase with fy 






9 


30 


80 


IX 




Input Rise and Fall Times 




«TLH 


3 

5 






5 
4 


*s 


OSC, n . f jn 




tTHL 


9 






2 


Input Pulse Width 
OSC, n . f| n 






3 


40 


30 








'W 


5 
9 


35 
25 


20 
15 




ns 



FREQUENCY CHARACTERISTICS 



Characteristic 


Symbol 


VDD 


T|„w 


25 °C 


Thigh 


Units 


Min Max 


Min Typ Max 


Min Max 


Operating Frequency 

OSC in lnput = SQ Wave Vqd- VSS 


fmax 


3 
5 
9 


17 
33 
35 


27 14 
- 55 27 
65 35 


12 
21 

33 


MHz 


Input = Sin Wave 500 mV ptp 


fmax 


3 
5 
9 


11 
20 
17 


21 10 
34 17 
34 17 


9 
15 
15 


MHz 


Operating Frequency 

f jn lnput=SQ Wave V D d-Vss 
Input = Sin Wave 500 mV ptp 


Viax 


3 
5 
9 


9 
19 
31 


15 8 
- 30 15 
52 26 


7 

15 
22 


MHz 


fmax 


3 
5 
9 


10 
18 
21 


15 7 
31 15 
31 15 


6 
15 


MHz 




15 



T| O w=-40°C 
T high = 86 °C 
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PIN DESCRIPTIONS 



fjn (Pin 11 - Input to ->-N portion of synthesizer. fj n is 
typically derived from loop VCO and is AC coupled into Pin 
9. For larger amplitude signals (standard CMOS Logic levels) 
DC coupling may be used. 



V S s (Pin 2) - Circuit Ground. 

Vqd (Pin 3) - Positive power supply. 

PDout (Pin 4) - Three-state output of phase detector for 
use as loop error signal. Double-ended outputs are also 
available for this purpose (see $y an d *rI 

Frequency fy>fR or fv Leading: Negative Pulses 
Frequency fv<fR or fv Lagging: Positive Pulses 
Frequency fv = fR and Phase Coincidence: High- 
Impedance State. 

RAO, RA1, RA2 (Pins 5, 6, and 7) - These three inputs 
establish a code defining one of eight possible divide values 
for the total reference divider, as defined by the table below: 



Reference Address 


Total 




Code 




Divide 


RA2 


RA1 


RAO 


Value 











8 








1 


128 





1 





256 





1 


1 


512 


1 








1024 


1 





1 


2048 


1 


1 





2410 


1 


1 


1 


8192 



*R. *V (P |ns 8 and 9) - These phase detector outputs 
can be combined externally for a loop-error signal. A single- 
ended output is also available for this purpose (see PD out ). 

If frequency fv is greater than fp, or if the phase of fv is 
leading, then error information is provided by *v pulsing 
low. 4>r remains essentially high. 



If the frequency fy is less than fp, or if the phase of fy is 
lagging, then error information is provided by «r pulsing 
low. i^v remains essentially high. 

If the frequency of fv = fp, and both are in phase, then 
both 4>v and *r remain high except for a small minimum 
time period when both pulse low in phase. 

fy (Pin 10) - This is the output of the * N counter that is 
internally connected to the phase detector input. With this 
output available, the * N counter can be used independent- 
ly. 

N Inputs (Pins 1 1 to 20 and 22 to 25) - These inputs pro- 
vide the data that is preset into the * N counter when it 
reaches the count of zero. NO is least significant and N13 is 
most significant. Pullup resistors ensure that inputs left open 
remain at a logic one and require only a SPST switch to alter 
data to the zero state. 

Transmit/ Receive (Pin 21) - This input controls the offset 
added to the data provided at the N inputs. This is normally 
used for offsetting the VCO frequency by an amount equal 
to the IF frequency of the transceiver. This offset is fixed at 
856 when T/R is low and gives no offset when T/R is high. A 
pullup resistor ensures that no connection will appear as a 
logic one causing no offset addition. 



OSC ou t, OSCj n (Pins 26 and 27) — These pins form an 
on-chip reference oscillator when connected to terminals of 
an external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSCm to ground and OSC ut to ground. OSCin may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used. In the external reference mode, 
no connection is required to OSC out . 

LD (Pin 28) - Lock detector signal. High level when loop 
is locked Kr, fy of same phase and frequency). Pulses low 
when loop is out of lock. 
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PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 



Al PD out0 



OVCO 



«R0 



*V0 



—J OVCC 



/K^VCO 

UN = V"nrTc- 



f = 0.5w N IN/K K V CO) 
1 



Flsl 



R1CS + 1 



81 PD oul o WV 

R1 

«R<^- 
*V° 



^OVCO 



"N : 



| / ^KvCQ 

|/ Ncmi + 



Flsl 



R2) 

f = 0.5 «N + N/K^KvCO' 

R2CS + 1 



SIR1C + R2CI + 1 



CI PD ou , O 



*R O 'VW 

♦v < 



h 



^R2 




-OVC0 



*»*VC0 
NCR1 



_ a. N R2C 
2 



Assuming gain A is very large, then: 
R2CS + 1 



Flsl » i 



R1CS 



NOTE : Sometimes R 1 is split into two series resistors each R 1 ~ 2. A capacitor Cc is then placed from the midpoint to ground to further filter *v and 
«R. The value for Cc should be such that the corner frequency of this network does not significantly affect u N . 

DEFINITIONS: N - Total Division Ratio in feedback loop 
- Vqd/4* lor PDout 
K * " Vqd/2t for *v and «R 
K vco =i^£0 
AVvcO 

for a typical design un a I2»/I0lf r (at phase detector input) 
f » 1 
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FIGURE 1 

PHASE DETECTOR OUTPUT WAVEFORMS 



ieren 
(Osc * R) 



'V 

Feedback 
(f in * Nl 



Pp Out 



_p n. 



IT 



NOTE: The Pq output state is equal to either Vqq or Vss when active. When not active, the output is high impedance and the voltage at that 
pin is determined by the low pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 



MC145144 
MC145145 
MC145146 



MC145151 
MC145152 



MC145155 
MC145156 
MC146157 
MC145158 
MC145159 



Format 



4-Bit Data 
Bus Input 
Format 



Parallel Input 
Format 



Serial Input 
Format 



Prescale 



Single Modulus 
Single Modulus 
Dual Modulus 



Single Modulus 
Dual Modulus 



Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 



Phase Detector 



3 State 
3 State/2 Output 
3 State/2 Output 



3 State/2 Output 
2 Output 



3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/ Analog 
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FIGURE 7-5 MHz TO 5.5 MHz LOCAL OSCILLATOR CHANNEL SPACING = 1 kHz 




2.048 MHz 

HDI — 



5 



n 







OSC in 0SC out f in 




RA2 RA1 


RAO 


















N13 N12 N11 N10 N9 N8 N7 N6 N5 


N4 N3 N2 


Nl NO 



— VW- 



Voltage 
Controlled 
Oscillator 



1 11000 1 000.5 MHz 
10101 1 1 1 1 00 = 5. 5M Hz 



FIGURE 8 - SYNTHESIZER FOR LANO MOBILE RADIO UHF BANDS 

I — ^ Lock Detect Signal 



"V "1" 



r 



x 



10 





Bet Osc. 




10.0417 MHz 




lOn-Chip Osc. 




Optional) 





osc ou , 

OSCm 




, 3 


VDD 

vss 


21 


T/n 



RA2 RA1 



RAO LD t V 



|24 [20 Il9 |18 |17 |16 Il5 Il4 Il3 Il2 111 _L 



Choice of 
Detector 
Error 
■*v Signals 



Transmit: 440.0-470.0 MHz 
Receive: 4)8.6 - 448.6 MHz 
126 kHz Steps) 



Loop 
Filter 



Channel Programming 
-N = 2384 lo 3484 



—p T: 13.0833- 13.0833 MHz 

j^-R: 9.5167-14.5167 MH z { Down 



Transmit 
(Adds 856 to 
~±T - N Value) 



_ 



1 1 




T: 73.3333 - 78.3333 MHz 
H 69 7667 - 74.7667 MHz 



NOTES: 

11 1r =4.1667 kHz; + R = 2410; 21.4 MHz low side injection during receive 
21 MC145151 current drain =5 mA for V D0 = 5 Vdc 

31 Frequency values shown are for the 440 - 470 MHz band. Similar implementation applies to the 406 - 441 MHz band For 470-512 MHz, consider refer 
ence oscillator frequency X9 for mixer injection signal (90.3750 MHz! 
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PARALLEL INPUT PLL FREQUENCY SYNTHESIZER 

The MC145152 is one of a family of LSI PLL frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145152 is programmed by sixteen parallel inputs. The device 
features consist of a reference oscillator, selectable-reference divider, 
two output phase detector, 10-bit programmable divide-by-N counter 
and 6-bit programmable *■ A counter. When combined with a loop filter 
and VCO, the MC145152 can provide all the remaining functions for a 
PLL frequency synthesizer operating up to the device's frequency limit. 
For higher VCO frequency operation, a down mixer Oi a dual modulus 
prescaler can be used between the VCO and MC145152. 



• General Purpose Applications — 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 
Two-Way Radios Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability @ 5 Vdc 

• 8 User Selectable Reference Divider Values - 8, 64, 128,- 
256, 512, 1024, 1160, 2048 

• On- or Off-Chip Reference Oscillator Operation 

• Lock Detect Signal 

• Dual Modulus/Parallel Programming 

• *N Range = 3 to 1023, -A Range = to 63 



CMOS LSI 

(LOW POWER COMPLEMENTARY MOS) 

PARALLEL INPUT PLL 
FREQUENCY SYNTHESIZER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 733 



P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



F 


IN ASSIGNMENT 




t c= 


fin 


LD 


=128 


2 e= 


vss 


OSC in 


=327 


3 t=: 

4 c= 


voo 

RAO 


OSCqui 
A4 


S3 26 
=3 25 


5 C= 


RA1 


A3 


=3 24 


6 c: 


RA2 


AO 


=3 23 


7 r=: 


*R 


A2 


=3 22 


a c= 


*v 


A1 


=3 21 


9 C=! 


Mod Control N9 


=3 20 




A5 


N8 


=319 


u>=: 


NO 


N7 


=3 18 




N1 


N6 


=317 


13C= 


N2 


N5 


=3 16 


14CT 


N3 


N4 


=3 15 



BLOCK DIAGRAM 



OSCouto^ 



OSCin 



p»?SZi I 12x8 ROM Reference 

itmtHun 




1 

A5 



H 

A3 A2 AO 



T 

NO 



nrmrn 

N2 N4 N5 N7 



Note NO through N9. AO through A5 and 
RAO through RA2 have pullup resistors 
not shown. 



DS9811 
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MAXIMUM RATINGS (Voltages Referenced to V s s) 




I 


Rating 


Symbol 


Value 


Unit 




DC Supply Voltage 


VDD 


-0.5 to +10 


Vdc 


- 


Input Voltage, All Inputs 


Vin 


-0.5 to Vqd +0.5 


Vdc 


OC Current Drain Per. Pin 


I 


10 


mA 


DC Current Drain Vqq or VSS Pins 


I 


30 


mA 




Operating Temperature Range 


ta 


-40 to +85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 





ELECTRICAL CHARACTERISTICS 



Characteristic 




Symbol 


VDD 


T Low 


1&°C 


T Hiah 


Units 




Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Voltage Range 


V DD 




3 


9 


3 




9 


3 


9 


Vdc 


Output Voltage 
Vin = V D D or 


Level 


vol 


3 
5 
9 




0.05 
0.05 








0.05 
0.05 




0.05 
0.05 














- 


0.05 


- 





005 


- 


0.05 


Vdc 












3 


2.95 


** 


2.95 


3 


— • 


2 95 


~~~ 


V in = 0orV DD 




1 Level 


Vnu 
v OH 


5 
9 


4.95 




4.95 
8.95 


5 




4.95 










8.95 




9 




8.95 






Input Voltage 
Vo = 2.5 or 0.5 




Level 


V|L 


3 


- 


0.9 


- 


1.35 


0.9 
1 .5 


- 


0.9 
1 5 




Vo = 4.5 or 0.5 










5 




1 .5 




2.25 






V = 8.5 or 1.5 










9 


z 


2.7 


z 


4.06 


2.7 


_ 


2.7 


Vdc 


Vo = 0.5 or 2.5 




1 Level 




3 


2.10 




2.10 


1.65 




2.10 






Vo = 5 or 4.5 
V = 1.5 or 8.5 








V|H 


5 
9 


3.5 
6-3 




3.5 
6.3 


2.75 
4.95 




3.5 
6.3 






















Output Current 




Source 






















V H = 2.7 
V H = 4.6 








lOH 


3 
5 


-0.44 
-0.64 




-0.35 
-0.61 


-0.66 
-0.88 




-0.22 
-0.36 






V H = 8.5 










9 


-1.3 




^1.0 


-1.3 




-0.7 




mAdc 


vol = 0.3 






Sink 




3 


0.44 




0.35 


0.66 




0.22 






vol - 0.4 
vql = 5 








lOL 


5 
9 


0.64 

1.3 




0.51 
1.0 


0.88 
1.3 




0.36 
0.7 






Output Current Modulus Control Source 






















VOH - 2.7 










3 


0.15 




0.25 


0.5 




0.08 






V H 1 4.6 








lOH 


5 


0.46 




0.75 


1.5 




0.23 




mAdc 


VOH = 8.5 










9 


0.75 




1.25 


2.5 




0.38 






Input Current 


Other Inputs 
'in. OSC in 


IlL 


9 
9 




-60 

±15 




-25 
±5 


-50 
±10 




-35 
±8 


pAdc 


'in. OSC in 
Other Inputs 


l|H 


9 
9 




±15 
±0.3 




±5 
±0.00001 


±10 
±0.1 




±8 
±1.0 




Input Capacitance 


Cin 


3-9 




10 




6 


10 




10 


pF 


Output Capacitance 


C ut 


3-9 




10 




6 


10 




10 


pF 


Quiescent Current 










3 




800 




200 


800 




1600 












idd 


5 
9 




1200 
1600 




300 
400 


1200 
1600 




2400 
3200 


/iAdc 


3-State Leakage Current 




PD 0U , 


IL 


9 




±0.1 




±0.0001 


±0.1 




±3.0 


M Adc 



NOTE: T| 0W = -40°C 
Thigh = 86-C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it 
is recommended that V jn and V out be constrained to the range Vss s IV in or V out ) s Vpo 
Unused inputs must always be tied to an appropriate logic voltage level le g., either V S s or V DD I. 
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SWITCHING CHARACTERISTICS 1T A = 25°C, C L = 50 pF) 



Characteristic 



Symbol 



vpp 



Typ 



Max 



Units 



Output Rise Time 



'TLH 



100 
SO 
40 



200 
100 
80 



Output Fall Time 



>THL 



100 
50 
40 



200 
100 
80 



Propagation Delay Time 
Clock to Modulus Control 



IPLH 



'PHL 



80 
50 
30 
80 
50 
30 



160 
100 
60 
160 
100 
60 



Output Pulse Width 
<f>R. 0v with fR in 
Phase with fy 



'WH(*I 



70 
50 
30 



120 
100 
80 



170 
150 
130 



Input Rise And Fall Times 
0SC in . f in 



'TLH 
tTHL 



Input Pulse Width 
OSC in . f in 



t w 



40 

35 
25 



30 
20 
15 



FREQUENCY CHARACTERISTICS 



Symbol 



VDD 



flow 



Max 



26°C 
Typ 



Thigh 



Max 



Operating Frequency 
OSCin 



Input = SQ Wave Vqd - VSS 
Input = Sin Wave 500 mV p - p 



'max 



17 
33 
35 
11 
20 
17 



27 
55 
65 
21 
34 
34 



14 

27 
35 
10 
17 
17 



12 
21 
33 
9 
15 
15 



Operating Frequency 
fin 



Input = SQWaveVoD - VSS 
Input = Sin Wave 500 mV p - p 



9 
19 
3*1 
10 
18 
21 



15 
30 
52 
15 
31 
31 



15 
26 
7 
15 
15 



7 
15 
22 

6 
15 
15 



Tlow = -40°C 
Thigh = 85°C 
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PIN DESCRIPTIONS 

fin (Pin 1) - Input to the positive edge triggered * N and 
+ A counters, f j n is typically derived from a dual modulus 
prescaler and is AC coupled into Pin 1 . For larger amplitude 
signals (standard CMOS logic levels) DC coupling may be 



Vss (Pin 2) - Circuit Ground. 



Vdo (Pin 3) — Positive power supply. 

RAO, RA1, RA2 (Pins 4, 5, and 6) - These three inputs 
establish a code defining one of eight possible divide values 
"for the total reference divider. The total reference divide 
values, including the *2 block, are as follows:" 



Reference Address 
Code 


Total 
Divide Value 


RA2 


RA1 


RAO 













8 








1 


64 





1 





128 





1 


1 


256 


1 








512 


i 





1 


1024 


1 


i 





1160 


1 


i 


1 


2048 



*R. <t>M (Pins 7 and 81 - These phase detector outputs 
can be combined externally for a loop error signal. 

If frequency fy is greater than fR or if the phase of fy is 
leading, then error information is provided by <t>\j pulsing 
low. «r remains essentially high. 

If the frequency of fv is less than fR or if the phase of fv is 
lagging, then error information is provided by *r pulsing 
low. <£y remains essentially high. 

If the frequency of fv = fR and both are in phase, then 
both *y and *r remain high except for a small minimum 
time period when both pulse low in phase. 

MODULUS CONTROL (Pin 9) - Signal generated by the 
on-chip control logic circuitry for controlling an external dual 
modulus prescaler. The modulus control level will be low at 



the beginning of a count cycle and will remain low until the 
* A counter has counted down from its programmed value. 
At this time, modulus control goes high and remains high 
until the * N counter has counted the rest of the way down 
from its programmed value (N-A additional counts since 
both * N and *■ A are counting down during the first portion 
of the cycle). Modulus control is then set back low, the 
counters preset to their respective programmed values, and 
the above sequence repeated. This provides for a total pro- 
grammable divide value (Nj) = N«P + A where P and P + 1 
represent the dual modulus prescaler divide values respec- 
tively for higrnand'iow modulus control levels; N the number 
programmed into the * N counter and A the number pro- 
grammed into the * A counter. 

N INPUTS (Pins 11 through 20) - The N inputs provide 
the data that is preset into the * N counter when it reaches 
the count of zero. NO is the least significant digit and N9 is 
the most significant. Pullup resistors ensure that inputs left 
open remain at a logic one and require only a SPST switch to 
alter data to the zero state. 

A INPUTS (Pins 23, 21, 22, 24, 25, 10) - The A inputs 
define the number of clock cycles of fj n that require a logic 
zero'on the modulus control output. See page 8 for explana- 
tion of dual modulus prescaling. The A inputs all have inter- 
nal pullup resistors that ensure that inputs left open will re- 
main at a logic one. 

osc out, OSCin (Pins 26 and 27) - These pins form an 
on-chip reference oscillator when connected to terminals of 
an external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSCj n to ground and OSC ut to ground. OSCj n may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used. In the external reference mode, 
no connection is required to OSC ou t. 

LD (Pin 28) - Lock detector signal High level when loop 
is locked (fR, fy of same phase and frequency). Pulses low 
when loop is out of lock. 



PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 



*R o- 

*v°- 




*VCO 



«VC0 



_ n N R2C 
2 

Assuming gain A is very large, Ihen: 
R2CS + 1 



Flsl = - 



R1CS 



NOTE. Sometimes R1 is split into two series resistors each R1 + 2 A capacitor Crj is then placed from the midpoint to ground to further 
filter ey and 6R. The value for Cc should be such that the corner frequency of this network does not significantly affect o> N . 

DEFINITIONS: N = Total Division Ratio in feedback loop 
K* - VDD/2tt 

KVCO = 2 " AfvC0 
AVVCO 

for a typical design o>N ■ OkVI 0) f r (at phase detector input) 

t* 1 
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FIGURE 1 

PHASE DETECTOR OUTPUT WAVEFORMS 



n n. 



Feedback 

"in * Nl 



1 



1- 



■ 







J 




1 







1 — 



I 



U IT 



IT 



NOTE: The Pq output state is approximately equal to either Vrj[) or Vss when active. When not active, the output is high impedance and the 
3 at that pin is determined by the low pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 


Format 


Prescale 


Phase Detector 


MC145144 
MC145145 
MC145146 


4-Bit Data 
Bus Input 
Format 


Single Modulus 
Single Modulus 
Dual Modulus 


3 State 
3 State/2 Output 
3 State/2 Output 


MC145151 
MC145152 


Parallel Input 
Format 


Singie Modulus 
Dual Modulus 


3 State/2 Output 
2 Output 


MC145155 
MC145156 
MC145157 
MC145158 
MC145159 


Serial Input 
Format 


Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 


3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/ Analog 



MC145152 



FIGURE 2 

TYPICAL fjn MAXIMUM FREQUENCY vt Vqq 
INPUT = SCO mV 

















-wc 








25°C 








85'C 



















FIGURE 3 

TYPICAL OSC«, MAXIMUM FREQUENCY « VqD 
INPUT = 500 mV 

















-40-C- 
85'C— 





































9 v v SS 



9 Voo 



FIGURE 4 

TYPICAL fj n MAXIMUM FREQUENCY vs Vqd-VsS 
INPUT = SO WAVE 









-40*C 








2S"C 








85*C 



































OSCi, 



FIGURE 5 

TYPICAL OSC in MAXIMUM FREQUENCY vs VQD-VSS 
INPUT = SQ WAVE 



«D0 

FIGURE 6 
TYPICAL loo « FREQUENCY 






NOTE: To compute total Iqd add componenl due to i m with that due to OSQ n . 
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DUAL MODULUS PRESCALING 

The technique of dual modulus prescaling is well estab- 
lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the ap- 
proach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and per- 
formance that would otherwise result if a fixed (single 
modulus) divider was used for the prescaler. 

In dual modulus prescaling, the lower speed counters 
must be uniquely configured. Special control logic is 
necessary to select the divide value P or P + 1 in the prescaler 
for the required amount of time (see modulus control defini- 
tion). The MC145152 contains this feature and can be used 
with a variety of dual modulus prescalers to allow speed, 
complexity and cost to be tailored to the system re- 
quirements. Prescalers having P, P + 1 divide values in the 
range of to *64/*65 can be controlled by the 

MC145152. 

Several dual modulus prescaler approaches suitable for 
use with the MC145152 are given in Figure 7. The ap- 
proaches range from the low cost -15/ + 16, MC3393P 
device capable of system speeds in excess of 100 MHz to the 
MC12000 series having capabilities extending to greater than 
500 MHz. Synthesizers featuring the MC145152 and dual 
modulus prescaling are shown in Figures 8 and 9 for two 
typical applications. 

DESIGN GUIDELINES APPLICABLE 
TO THE MC1451B2 

The system total divide value (N to tal> will be dictated by 
the application, i.e. 

M frequency into the prescaler _ 

N,otal _ frequency into the phase detector " N r + A 

N is the number programmed into the * N counter; A is 
the number programmed into the -A counter. P and P + 1 
are the two selectable divide ratios available in the two 
modulus prescalers- To have a range of Ntotal values in se- 
quence, the * A counter is programmed from zero through 
P-1 for a particular value N in the divide N counter. N is 
then incremented to N + 1 and the + A is sequenced from 
zero through P- 1 again. 

There are minimum and maximum values that can be 
achieved for N to t a |. These values are a function of P and the 
size of the + N and + A counters. The constraint N ^ A 
always applies. If A max = P - 1 then N m j n ^ P - 1 . Then 
Ntotal -min = (P-1) P + A or (P-1) P since A is free to 
assume the value of zero. 

Ntotal - max = N max • P + A ma x 

To maximize system frequency capability, the dual modulus 
prescaler's output must go from low to high after ee-h group 
of P or P+ 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
modulus control is low. 



For the maximum frequency into the prescaler (F vc0 max), 
the value used for P must be large enough such that: 
A. F vc0 max divided by P may not exceed the frequency 

capability of Pin 1 of the MC145152. 
B The period of F vc0 divided by P must be greater than 
the sum of the times: 

a. Propagation delay through the dual modulus 
prescaler. 

b. Prescaler setup or release time relative to its 
modulus control signal. 

c. Propagation time from f; n to the modulus control 
output for the MC145152. 

A sometimes useful simplification in the MC145152 pro- 
gramming code can be achieved by choosing the values for 
P of 8. 16, 32 or 64. For these cases, the desired value for 
Ntotal w i" result when N tota i in binary is used as the pro- 
gram code to the * N and + A counters treated in the follow- 
ing manner: 

A. Assume the * A counter contains "b" bits where 2 D 
= P. 

B. Always program all higher order -A counter bits 
above "b" to zero. 

C. Assume the * N counter and the * A counter (with all 
the higher order bits above "b" ignored) combined in- 
to a single binary counter of 10 + b bits in length. The 
MSB of this "hypothetical" counter is to correspond 
to the MSB of * N and the LSB is to correspond to 
the LSB of * A. The system divide value, N to tal. now 
results when the value of N to t a | in binary is used to 
program the "New" 10 + b bit counter. 



FIGURE 7 - HIGH FREQUENCY DUAL MODULUS 
PRESCALERS FOR USE WITH THE MC145152 



MC12009 


-5/ 


-6 


440 MHz 


MC12011 


-8/ 


-9 


600 MHz 


MC12013 


-10/ 


-11 


500 MHz 


•MC3393 , 


-15/ 


-16 


140 MHz 



'Proposed introduction in 1960 



By using two devices several dual modulus values are achievable: 

Modulus 
Control 



Device A 



Device B 



Devices 
A 

MC10131 
MC10138 
MC10178 



Device 



MC12009 MC12011 



-20/ -21 


-32/ -33 


-40/ -41 


-50/ -51 






-40/-41 


-54/ -65 





NOTE: MC12009, MC12011 and MC12013 are pin equivalent 
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FIGURE 8 - AIRCRAFT NAV RECEIVER SYNTHESIZER DEMONSTRATES 
A LOW COST DUAL MODULUS SYSTEM EMPLOYING THE MC146152 












- 6 


5 



OSC OU , RA2 
OSC ln 



-Lock Detect Signal R2 c 

r— VWr— | | — | 



VDD 

vss 

N9- 



NO A5 < AO | * 




Channel Programming 
-N = 114 — 127. » A-0 — 14 



NOTES: 

l fR = 50kHz, »R = 64; 22.0 MHz low side injection; NTOTAL= 1 720 — 1919 



86.000 — 96 950 MHz 

JL 



- 15/16 Prescaler 
MC3393P 



2. Using 22.0 MHz for the receiver I.F. demonstrates how the choice of l.F. value can sometimes reduce the number of + N bits that mu 
programmed. Using the more common 21.4 MHz l.F. would require six rather than four +N programming inputs. 



must be 



Ref. Osc. 
12.8 MHz 
(On-Chip Osc. 
Optional) 



FIGURE 9 - SYNTHESIZER FOR LAND MOBILE RADIO UHF BAND 
COVERAGE DEMONSTRATES USE OF THE MC145152 
IN SYSTEMS OPERATING TO SEVERAL HUNDRED MHz 




j j j j 2a r 



Lock Detect Signal 



406 — 470 MHz 
112 5 kHz Stepsl 



osc 00 , 



RA2 



VDD 

vss 

N9-« 



*R 

*v 

Mod 
Cntrl 

In 
AO 



rirnirnrrmii 



tin ^-q 

AO | t 

1 



Loop 
Filter 




vco 





Channel Programming 




MC10178 




■*■ 8/9 Prescaler 
MCT>011 









+ 64/ -65 Dual Modulus Prescaler 

NOTES: 

1 Nt0TAL=N»64+ A- 32480 to 37600; N = 507 to 587; A = to 63. 

2. fR = 12.5 kHz, * R= 1024 (code 101) 

3. The prescaling approach can be chosen for the application to enhance economy e g., single chip MC3393P to approximately 100 MHz. 

MC12011 or MC12013 with dual flip flop to approximately 250 MHz. 
MC12011 or MCl2013with MC10178 to over 500 MHz. 
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SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

The MC145155 is one of a family of LSI PLL Frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145155 is programmed by a clocked, serial input, 16-bit data 
steam. The device features consist of a reference oscillator, selectable- 
reference divider, digital-phase detector, 14-bit programmable divide- 
by-N counter and the necessary shift register and latch circuitry for ac- 
cepting the serial input data. When combined with a loop filter and 
VCO, the MC145155 can provide all the remaining functions for a PLL 
frequency synthesizer operating up to the device's frequency limit. For 
higher VCO frequency operation, a down mixer or a fixed divide 
prescaler can be used between the VCO and MC145155. 

• General Purpose Applications — 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 
Two-Way Radios Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability @ 5 Vdc 

• 8 User Selectable Reference Divider Values - 16, 512, 1024, 2048, 
3668, 4096, 6144, 8192 

• On- or Off-Chip Reference Oscillator Operation with Buffered Output 

• Lock Detect Signal 

• Two Open-Drain Switch Outputs 

• Single Modulus/ Serial Programming 

• - N Range = 3 to 16383 

• "Linearized" Digital Phase Detector Enhances Transfer Function 
Linearity 

• Two Error Signal Options - 

Single Ended (Three-State) 
> Ended 




= 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 



SERIAL INPUT PLL 
FREQUENCY SYNTHESIZER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 726 



P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



PIN ASSIGNMENT 




OSCout ^ 



OSC in < 



REF oul o 



->- 



j 8 12x8 ROM Reference Decoder 



BLOCK DIAGRAM 



12-Bit * R Counter 



VSSo-^— »■ 







Lock 


8^ 






Detect 








t 






Phase 






Detector 




«V 




A 





VDD 



Enableo 



14-Bit * N Counter 

HMHHttfttt 



°PDout 



Phase 
Detector 
B 



Datao 



* \ Latch | »f 



«R 

*v 
oSW2 



14-Bit Shift Register 



r 1 



TT 



~M3oswi 



2- Bit Shift 
Register 
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MAXIMUM RATINGS [Voltages Referenced to V S s> 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to + 10 


Vdc 


Input Voltage. All Inputs 


Vin 


-0.5 to Vdd +0.5 


Vdc 


DC Current Drain Per Pin 


I 


10 


mA 


DC Current Drain Vqq or V$S Pins 


I 


30 


mA 


Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


T S!g 


-65 to +160 





ELECTRICAL CHARACTERISTICS 



Ch.mcttri.tic 




Symbol 


vdd 


T L < 


Mf 


26 °C 


THkjh 


Unit. 






Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Voltage Range 


Vdd 




3 


9 


3 




9 


3 


9 


~ Vdc — 


Output.Voltage 


Level 


vol 


3 
5 
9 




0.05 
0.05 
0.05 


_ 
_ 







0.05 
0.05 
0.05 


- 


006 
0.06 
0.05 




Vin = V DD or 




- 


- 


- 


Vdc 


Vin - OorVpo 


1 Level 


voh 


3 
5 
9 


2.95 
4.95 
8.96 


- 


2.96 


3 


- 


2.95 


- 


- 


495 

8.95 


5 
9 


- 

- 


4.96 
8.95 


- 
- 




Input Voltage 


Level 


















0.9 




V = 2.5 or 0.5 




V|L 


3 


- 


0.9 


- 


1.35 


0.9 


- 




Vq = 4.5 or 0.5 




5 




1 .5 


- 


2.25 


1.5 


- 


1.5 




Vrj A 8.5 or 1.5 






9 




2.7 




4.05 


2.7 




2.7 


Vdc 


V = 0.5 or 2.5 


1 Level 




3 


2.10 




: 


1.65 


— _ 


2.10 


- 




V = 0.6 or 4.5 




V|H. 








3.5 


2.75 




3.5 


— 




Vo = 1.5 or 8.5 






9 


6.3 




6.3 


4.95 




6.3 






Reverse Breakdown Voltage 


SW1, SW2 


vbdso 


3-9 


15 




15 


24 




15 




V 


Output Current 


Source 






















Von h 2.7 






3 


-0.44 




-0.35 


-0.66 




-0.22 






V H - 4.6 


'OH 


5 


-0.64 




-0.51 


-0.88 




-0.36 




mAdc 


v OH - 8 5 






9 


-1.3 




-1.0 


-1.3 




-0.7 




vol - 3 






3 


0.44 




0.36 


066 




0.22 






Sink 












vql = 4 
v l = o.5 


IOL 




0.64 
1.3 




0.51 
1.0 


0.88 
13 




0.36 
0.7 








5 
9 










Output Current SW1.SW2 Sink 






















vol = 0.3 
vol = 04 




IOL 


3 
5 


0.48 
0.90 




0.8 
15 


1.6 
3 




0.24 
0.45 




mA 


vol = 05 






9 


2.1 




3.5 


7 




1.1 






Input Current 


Other Inputs 




9 




±0.3 




±0.00001 


• O 1 




±1.0 






Enable 


IlL 


9 




-110 




-50 


-100 




-40 






fin, OSCj n 




9 




±15 




±5 


±10 




±8 


liAdc 




•in. OSCj n 


■IH 


9 




±15 




±5 


±10 




±8 




Other Inputs 


9 




±0.3 




±0.00001 


±0.1 




±10 




Input Capacitance 


C,n 


3-9 




10 




6 


10 




10 


pF 


Output Capacitance 




c out 


3-9 




10 




6 


10 




10 


pf 








3 




800 




200 


800 




1600 




Quiescent Current 




idd 


5 




1200 




300 


1200 




2400 


pAdc 






9 




1600 




400 


1600 




3200 


3-State Leakage Current SW1 , SW2, PD ou t 


lL 


9 




±0.1 




±0.0001 


±0.1 




±3.0 


/iAdc 



NOTE: T| ow = -40»C 
Thigh - 85°C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it 
is recommended that V in and V oul be constrained to the range Vss £ <Vj n or V out l s Vdd. 
Unused inputs must always be tied to an appropriate logic voltage level le g., either Vgs or VddI 
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SWITCHING CHARACTERISTICS IT A = 25°C, C L = 50 pFI 



Characteristic 


Symbol 


V DD 


Min 


Typ 


Max 


Units 


Output Rise Time 


>TLH 


3 

5 

g 




100 
50 
40 


200 
100 
80 


ns 


Output Fall Time 


THL 


3 
5 
a 


- 


100 
50 
40 


200 
100 
80 


ns 


— — _ . . , 




3 


_ 


70 


140 




Propagation Delay Time 
Enable to SW1, SW2 


<PLH 


5 

g 


- 


50 
40 


100 
80 


ns 


<PHl 


3 
5 
9 


- 


70 
50 
40 


140 
100 
80 


ns 


Setup Times 
Data To Clock 

Enable To Clock 


l su 


3 
5 


_ 


10 
4 


40 

35 
30 


ns 


tsu 


3 
6 

Q 




30 
20 
20 


50 
40 
40 


ns 


Hold Time 


th 


3 
5 
9 




10 


40 




Data To Clock 




4 




35 
30 


ns 


Output Pulse Width 

4»v wi,n 'R in 
Phase With l v 


1WHI0I 


3 
5 
9 


70 
SO 
30 


120 
100 
80 


170 
150 
130 


ns 


Input Rise And Fall Times 
OSC in , f in 


1TLH 
ITHL 


3 
5 
9 






5 
4 

2 


*s 


Input Pulse Width 
OSC in . fin • Cl0 <* 


t w 


3 
5 
9 


40 

36 
25 


30 

20 
15 




ns 



FREQUENCY CHARACTERISTICS 



Characteristic 


Symbol 




T tow 


2S"C 


Thigh 


Units 


Min 


Max 


Min 


Typ 


Max 


Min 


Mai 


Operating Frequency 
OSC in 


Input = SOWaveV DD - V S S 


'max 


3 
5 
9 




17 
33 
35 




27 
66 
66 


14 
27 
36 




12 
21 
33 


MHz 




Input = Sin Wave 500 mVp-p 


'max 


3 
5 




11 
20 




21 
34 


10 
17 




9 
15 


MHz 








9 




17 




34 


17 




15 




Operating Frequency 
'in 


Input = SO Wave Vqd - V SS 


'max 


3 
5 
9 




9 
19 
31 




15 
30 
52 


8 

16 
26 




7 

15 
22 


MHz 




Input = Sin Wave 500 mVp-p 




3 




10 




15 


7 




6 








'max 


5 




18 




31 


15 




15 


MHz 








9 




21 




31 


15 




15 





T, ow = -40°C 
Thigh = 85°C 
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PIN DESCRIPTIONS 



RAO, RA1, RA2 (Pins 18, 1, and 2) - These three inputs 
establish a code defining one of eight possible divide values 
for the total reference divider, as defined by the table below: 



Reference Address 


Total 




Code 




Divide 


RA2 


RA1 


RAO 


Value 











16 








1 


512 





1 





1024 





1 


1 


2048 


1 








3668 


1 





1 


4096 


1 


1 





6144 


1 


1 


1 


8192 



CLOCK, DATA (Pins 10 and 11) - Shift register clock and 
data input. Each low-to-high transition clocks one bit into 
the on-chip 16-bit shift register. The data is presented on the 
DATA input at the time of the positive clock transition. The 
DATA input provides programming information for the 
14-bit * N counter and the two switch signals SW1 and 
SW2. The entry format is as follows: 



-+ N Counter Bits- 



Data Bit in (Bit No. 16) 

First Data Bit in (Bit No. 1) 



J 



<f>V. *R (Pins 3 and 4) — These phase detector outputs 
can be combined externally for a loop error signal. A single- 
ended output is also available for this purpose (see PD ou t). 

If frequency fv is greater than fR or if the phase of fv is 
leading, then error information is provided by <t>y pulsing 
low. 4>r remains essentially high. 

If the frequency fy is less than fR or if the phase of fv is 
lagging, then error information is provided by *r pulsing 
low. <t>\/ remains essentially high. 

If the frequency of fy = fR and both are in phase, then 
both *v and *R remain high except for a small minimum 
time period when both pulse low in phase. 

Vdd (Pin 5) - Positive power supply. 

PDout (Pin 6) — Three state output of phase detector for 
use as loop error signal. Double-en'ded outputs are also 
available for this purpose (see <j>v and 0r). 
Frequency fv > fR or fv Leading: Negative Pulses. 
Frequency fv < fR or fv Lagging: Positive Pulses. 
Frequency fv = fR and Phase Coincidence: High- 
Impedance State. 



ENABLE (Pin 12) - When high ("1") transfers contents of 
the shift register into the latches, and to the programmable 
counter inputs, and the switch outputs SW1 and SW2. 
When low ("0") inhibits the above action and thus allows 
changes to be made in the shift register data without affect- 
ing the counter programming and switch outputs. An on- 
chip pull-up establishes a continuously high level for 
ENABLE when no external signal is applied to Pin 12. 



SW1, SW2 (Pins 13 and 14) - SW1 and SW2 provide 
latched open drain outputs corresponding to data bits 
numbers one and two. These will typically be used for band 
switch functions. A logic one will cause the output to 
assume a high-impedance state, while a logic zero will cause 
an output logic zero. 



REF ou t (Pin 15) - Buffered output of on-chip reference 
oscillator or externally provided reference-input signal. 



Vss (Pin 7) - Circuit 



LD (Pin 8) - Lock detector signal. High level when loop is 
locked (fR, fv of same phase and frequency). Pulses low 
when loop is out of lock. 

fin (Pin 9) - Input to * N portion of synthesizer. fj n is 
typically derived from loop VCO and is AC coupled into Pin 
9. For larger amplitude signals (standard CMOS Logic levels) 
DC coupling may be used. 



OSC ou t, OSCjn (Pins 16 and 17) - These pins form an 
on-chip reference oscillator when connected to terminals of 
an external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSCj n 1° ground and OSCout 1° ground. OSCj n may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used. In the external reference mode, 
no connection is required to OSC out . 
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PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 



PD ut °- 
0RO- 

«VO— 



-OVCO 



~j~ 



VW 

Rl 




0RO 
*VO 



K* K VCO 



NR1C 

( - 0.5«N IN/K # KvCO> 
1 



FIs) . 



R1CS + 1 



| / K^Kvco 
y NCIR1 + 



f =0.5«NlB2C + N/K^KvCOl 

F(s) = „, " 2CS n l.. 7 

SIR1C + R2C) + 1 



C) 

PD out 



*R O 



OVCO 




l/ ^KvCO 
" N ^ NCR1 



UNR2C 



Assuming gain A is very large, then: 



Flsl 



R2CS+1 



NOTE: Sometimes R1 is split into two series resistors each Rl » 2. A capacitor Cc is then placed from the midpoint to ground to further filter *v and 
«R. The value for Cc should be such that the corner frequency of this network does not significantly affect un. 

DEFINITIONS: N - Total Division Ratio in feedback loop 
K * = Vdd^t for PDout 
K * = Vqd/2t for *v and *R 

K VC 0=^£°- 
AVyCO 

for a typical design » (2it/1 0) f r (at phase detector input) 
r » 1 
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FIGURE 1 



PHASE DETECTOR OUTPUT WAVEFORMS 



fR 

Reference 
(Osc * Rl 





















Feedback 
(fin * Nl 


























n jl 


— h 







*R 



u 

NOTE: The Po output state is equal to either Vqd or V$s when active. When not active, the output is high impedance and the voltage at that 
pin is determined by the low pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 


Format 


Prescale 


Phase Detector 


MC145144 
MC145145 
MC145146 


4- Bit Data 


Single Modulus 
Single Modulus 
Dual Modulus 


3 State 


Bus Input 
Format 


3 State/2 Output 


MC145151 
MC145152 


Parallel Input 
Format 


Single Modulus 
Dual Modulus 


3 State/2 Output 
2 Output 


MC145155 
MC145156 
MC145157 
MC145158 
MC145159 


Serial Input 
Format 


Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 


3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/Analog 



MC145155 



FIGURE 2 FIGURE 3 

TYPICAL MAXIMUM FREQUENCY v. V DD TYPICAL OSC^MAX.MUM^FRMUENCY v. V D D 




FIGURE 6 
TYPICAL IDD VI FREQUENCY 











10 


























9 V 


























9 V 




















































5V 










5 V 










































3V 


1 








3V 


— = 








1 











10 20 30 MHl 10 20 30 MHz 

fin OSCj, 



NOTE: To compute total Iqd add component due to fin with that due to OSCj n . 
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FIGURE 



7 - TV/CATV TUNING SYSTEM 



UHF/ 
VHF 
Tuner 

Or 
CATV 
Front 

End 



MC12071 
Prescaler 



I 



4.0 MHz 
■I 



Key- 
Board 



c 



I 



-MrV 




1/2 MC1458 

Ht- 



MC6805 
Microcomputer 



MC14511 



1 



LED Displays 



FIGURE 8 - FM/AM RADIO SYNTHESIZER 
2.56 MHz 
I 



r-Wv 1 k 



FM 

OSC 



MC3393 
- 16 Prescaler 



AM 
OSC 



-M- 



I 



MC145155 



To AM/FM 
Oscillators 

A 



MC6805 
MCU 



1/2 MC1468 



To Display 



Key- 
Board 
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SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

The MC145156 is one of a family of LSI PLL frequency synthesizer 
parts from Motorola CMOS. The family includes devices having serial, 
parallel and 4-bit data bus programmable inputs. Options include single- 
or dual-modulus capability, transmit/receive offsets, choice of phase 
detector types and choice of reference divider integer values. 

The MC145156 is programmed by a clocked, serial input, 19-bit data 
stream. The device features consist of a reference oscillator, selectable- 
reference divider, digital-phase detector, 10-bit programmable divide- 
by-N counter, 7-bit programmable * A counter and the necessary shift 
register and latch circuitry for accepting the serial input data. When 
combined with a loop filter and VCO, the MC145156 can provide all the 
remaining functions for a PLL frequency synthesizer operating up to the 
device's frequency limit. For higher VCO frequency operation, a down 
mixer or a dual modulus prescaler can be used between the VCO and 
MC145156. 

• General Purpose Applications — 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 
Two-Way Radios Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 Vdc Supply Range 

• >30 MHz Typical Input Capability @ 5 Vdc 

• 8 User Selectable Reference Divider Values - 8, 64, 128, 256, 
640 1000, 1024, 2048 

• On- or Off-Chip Reference Oscillator Operation with Buffered Output 

• Lock Detect Signal 

• Two Open-Drain Switch Outputs 

• Dual Modulus/Serial Programming 

• +N Range = 3 to 1023, - A Range = to 1 27 

• "Linearized" Digital Phase Detector Enhances Transfer Function 
Linearity 

• Two Error Signal Ootions - 

Single Ended (Three-State) 
Double Ended 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOSI 

SERIAL INPUT PLL 
FREQUENCY SYNTHESIZER 





L SUFFIX 

CERAMIC PACKAGE 
CASE 732 



20 



P SUFFIX 

PLASTIC PACKAGE 
CASE 738 



PIN ASSIGNMENT 





»V DD 
»VSS 
oTest 



Lock 
Detect 



— SoLD 



Phase 
Detector 
A 



-^oPDout 



VDD-WV-i 
Enabled i_ 



ClockoiJ 



H ft t t t 

Latch 

t t t t M t 



7-Bit Shift Register 



HHIH fTT 

Latch 

f t t t t T t t t t l 



Detector 
B 



^<>SW2 

- H Latch I H Latch ] — !^oSW1 



10-Bit Shift 



r 
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MAXIMUM RATINGS (Voltages Referenced to Vss> 



Rating 


Symbol 


Value 


Unit 






DC Supply Voltage 


v D o 


-0.5 to + 10 


Vdc 






Input Voltage, All Inputs 


Vin 


-0.5 to Vrjo +0.5 


Vdc 






DC Current Drain Per Pin 


I 


10 


mA 






DC Current Drain Vqd or V$s Pins 


I 


30 


mA 




Operating Temperature Range 


T A 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-6b to + 150 









. CHARACTERISTICS 



Characteristic 


Symbol 


V DD 


T L 


m 


25 °C 


T H 


gh 




Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Voltage Range 




v D d 




3 


9 


3 




9 


3 


9 


Vdc 












output Voltage 
Vin " V D D or 


Level 


vol 


3 

5 
9 




0.06 
0.05 


_ 







0.05 
0.05 
005 




05 
0.05 
0.05 


















Vdc 








3 


2.95 


- 


2.95 


3 




2.95 


- 


V ln = 0orV DD 


1 Level 


voh 


5 
9 


4.95 
8.96 


- 
- 


4.95 
8.95 


5 
9 




4.96 
8.95 


— 

- 
























Input Voltage 


Level 






















Vo = 2.5 or 0.5 
Vo = 4.5 or 0.5 
V = 8.5 or 1.5 




V|L 


3 
5 


- 

— 


0.9 
1.5 


_ 
- 


1.36 
2.75 


9 
1.5 


- 

— 


0.9 
1.5 








9 




2.7 




405 


2.7 




2.7 


Vdc 


V = 0.5 or 2.5 


1 Level 




3 


2.10 




2.10 


1.65 


- 


2.10 






V = 0.5 or 4.5 
V = 1.5 or 8.5 




V|H 


5 


3.5 


- 


3.5 


2.75 


- 


3.5 


- 






9 


6 3 




6.3 


4.95 


- 


6.3 






Reverse Breakdown Voltage 


SW1, SW2 


v BDSO 


3-9 


15 


- 


15 


24 




15 




V 


Output Current 


Source 






















V H = 2.7 




OH 


3 


-0.44 


- 


-0 35 


-0.66 


- 


-0 22 


- 




V H = 4.6 




5 


-0 64 




— 0.51 






-0.36 






V H = 8.5 






9 


-1.3 




-1.0 


-1.3 




-0.7 




mAdc 


Vol - 0.3 


Sink 




3 


0.44 




035 


0.66 




0.22 






v 0L = 0.4 
vql = 0.5 




IOL 


5 
9 


0.64 
1.3 




0.51 
1.0 


0.88 
1.3 




0.36 
0.7 
























Output Current Modulus Control Source 






















V H - 2.7 
. _ a a. 




'OH 


3 
5 
9 


0.16 
0.45 
0.75 




0.25 
075 
1.25 


0.5 
1.5 
2.5 




0.08 
0.23 
0.38 




mAdc 


V H - 8.5 








Output Current SW1 , SW2, Modulus Control 










































vol = 0.3 


Sink 




3 


0.48 




08 


1.6 




0.24 






vql = o.4 




k>t 


5 


0.90 




1.5 


3 




0.45 




mA 


v L = 0.5 


9 


2.10 




3.5 


7 




1 05 






Input Current 


Other Inputs 




9 




±0.3 




±0.00001 


±0 1 




±1.0 






Enable 


l|L 


9 




-1 10 




-50 
±5 


- 100 




-40 


pAdc 




'in. OSCin 




9 




±15 




±10 




±8 




'in. OSC m 
Other Inputs 


l|H 


9 
9 




±15 
±0.3 




±5 
±0.00001 


±10 
±0.1 




±8 

±1.0 




Input Capacitance 


Cjn 


3-9 




10 




6 


10 




10 


PF 


Output Capacitance 


c out 


3-9 




10 




6 


10 




10 


pF 






3 




800 




200 


800 




1600 


/iAdc 


Quiescent Current 


Idd 


5 
9 




1200 
1600 




300 
400 


1200 
1600 




2400 
3200 


3-State Leakage Current 


p Dout 


i 


9 


— 


±0.1 




±0.0001 


±0.1 




±3.0 


jiAdc 



NOTE: T| 0W = 
Thigh ' 



-40°C 
86»C 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it 
li recommended that V in and V out be constrained to the range Vgs s (Vj n or V ut> s VoD- 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either V ss or V DD ). 
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SWITCHING CHARACTERISTICS IT A = 25°C. C L = 50 pFI 



Characteristic 


Symbol 


VDD 


Min 


Typ 


Max 


Units 






3 




100 


200 




Output Rise Time 


'TLH 


5 




50 


100 


ns 






9 




40 


80 








3 


- 


100 


200 




Output Fall Time 


THL 


5 
9 




50 
40 


100 
80 


ns 






3 


- 


70 


140 




Propagation Delay Time 


'PLH 


5 
9 


- 
- 


50 
40 


100 
80 


ns 


Enable to SW1, SW2 




3 


_ 


70 


140 






'PHL 


5 
9 


- 


50 
40 


100 
80 


ns 






- 








3 
5 
9 


— 


80 
50 
30 


160 
100 
60 




Propagation Delay Time 


'PLH 


- 




Clock to Modulus Control 




3 




80 


160 






— 






<PHL 


5 
9 




50 
30 


100 
60 


ns 


Setup Times 




3 




10 


40 






- 




Data To Clock 


tsu 


5 




4 


35 


ns 




9 







30 








3 


- 


30 


50 




Enable To Clock 


'su 


5 




20 


40 


ns 






9 




20 


40 




Hold Time 
Data To Clock 


<h 


3 
5 




10 


40 
36 






4 


ns 




9 







30 
















Output Pulse Width 




3 


70 


120 


170 




*R. $v wrtn 'R ' n 
Phase With fy 


tWHI^I 


5 
9 


50 
30 


100 
80 


150 
130 


ns 


Input Rise And Fall Times 
OSC in , f in 


'TLH 
'THL 


3 
5 
9 






5 
4 

2 


■4 


Input Pulse Width 
OSCjn, 'in • CI 01 * 


'W 


3 
5 
9 


40 

35 
25 


30 
20 
15 




ns 



FREQUENCY CHARACTERISTICS 









Symbol 




T kw» 


25 °C 


Thigh 


Units 




Characterise 


e 




in Max 


Min 


Typ 


Max 


Min 


Max 


Operating Frequency 








3 


17 




27 


14 




12 




OSCi„ 


Input 


= SQWaveV DD - V S S 


f max 


5 
9 


33 
36 




55 
65 


27 
36 




21 
33 


MHz 




Input 


= Sin Wave 500 mVp-p 




3 


11 




21 


10 




9 










f max 


5 


20 




34 


17 




15 


MHz 










9 


17 




34 


17 




15 




Operating Frequency 








3 


9 




15 


8 




7 




'in 


Input = 


SQ Wave V DD - V S S 


fmax 


5 


19 




30 


15 




15 


MHz 




9 


31 




52 


26 




22 






Input 


= Sin Wave 500 mVp-p 




3 


10 




16 


7 




6 










f max 


5 


18 




31 


15 




15 


MHz 








9 


21 




31 


15 




16 





Tlow • -40'C 
Thigh - 85°C 
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PIN DESCRIPTIONS 

RAO, RA1, RA2 (Pins 20, 1, and 2) - These three inputs 
establish a code defining one of eight possible divide values 
for the total reference divider, as defined by the table below: 



Reference Address 
Code 


Total 
Divide Value 


RA2 


RA1 


RAO 











8 








1 


64 





1 





128 





1 


1 


256 


1 








640 


1 





1 


1000 


1 


1 





1024 


1 


1 


1 


2048 



^V, 0R (Pins 3 and 41 — These phase detector outputs 
can be combined externally for a loop error signal. A single- 
ended output is also available for this purpose (see PD ou tl. 

If frequency fy is greater than fR or if the phase of fy is 
leading, then error information is provided by tpy pulsing 
low. #r remains essentially high. 

If the frequency fy is less than fR or if the phase of fy is 
lagging, then error information is provided by 0r pulsing 
low. 4>y remains essentially high. 

If the frequency of fy = fR and both are in phase, then 
both *y and *r remain high except for a small minimum 
time period when both pulse low in phase. 

Vqd (Pin 5) - Positive power supply. 

PD ou t (Pin 6) - Three state output of phase detector for 
use as loop error signal. Double-ended outputs are also 
available for this purpose (see £y and *r) 

Frequency fy > fR or fy Leading: Negative Pulses 
Frequency fy < fR or fy Lagging: Positive Pulses 
Frequency fy = fR and Phase Coincidence: High- 
Impedance State 

V S S (Pin 7) - Circuit Ground. 

MODULUS CONTROL (Pin 81 - Signal generated by the 
on-chip control logic circuitry for controlling an external dual 
modulus prescaler. The modulus control level will be low at 
the beginning of a count cycle and will remain low until the 
* A counter has counted down from its programmed value. 
At this time, modulus control goes high and remains high 
until the * N counter has counted the rest of the way down 
from its programmed value (N - A additional counts since 
both * N and ■*■ A are counting down during the first portion 
of the cycle). Modulus control is then set back low, the 
counters preset to their respective programmed values, and 
the above sequence repeated. This provides for a total pro- 
grammable divide value (Nyl = N • P + A where P and P + 
1 represent the dual modulus prescaler divide values respec- 
tively for high and low modulus control levels; N the number 
programmed into the * N counter and A the number pro- 
grammed into the * A counter. 



LD (Pin 9) - Lock detector signal. High level when loop is 
locked (fR, fy of same phase and frequency). Pulses low 
when loop is out of lock. 

fjn (Pin 10) - Input to the positive edge triggers * N and 
+ A counters. fj n is typically derived from a dual modulus 
prescaler and is AC coupled into Pin 10. For larger amplitude 
signals (standard CMOS logic levels) DC coupling may be 
used. 

CLOCK, DATA (Pins 11 and 12) - Shift register clock and 
data input. Each low-to-high transition clocks one bit into 
the on-chip 19-bit shift register. The data is presented on the 
DATA input at the time of the positive clock transition. The 
DATA input provides programming information for the 
10-bit + N counter, the 7-bit *A counter and the two 
switch signals SW1 and SW2. The entry format is as 
follows: 



|*+ A Counter Bits-*H *N Counter Bits »J 



CD 
CO 
— 1 

< 
+ 












| ♦ A MSB | 


m 

CO 

_i 
z 
t 


















m 

CO 

5 

z 

1 


SW2 | 


3 

CO 



Last Data Bit in (Bit No. 1 9) 

First Data Bit in (Bit No. 11- 



ENABLE (Pin 13) - When high ("1") transfers contents of 
the shift register into the latches, and to the programmable 
counter inputs, and the switch outputs SW1 and SW2. 
When low ("0") inhibits the above action and thus allows 
changes to be made in the shift register data without affect- 
ing the counter programming and switch outputs. An on- 
chip pull-up establishes a continuously high level for 
ENABLE when no external signal is applied to Pin 13. 

SW1, SW2 (Pins 14 and 15) - SW1 and SW2 provide 
latched open drain outputs corresponding to data bits 
numbers one and two. These will typically be used for band 
switch functions. A logic one will cause the output to 
assume a high-impedance state, while a logic zero will cause 
an output logic zero. 

TEST (Pin 16) — Used in manufacturing. Must be left open 
or tied to VgS- 

REF out (Pin 17) - Suffered output of on-chip reference 
oscillator or externally provided reference-input signal. 

OSC ou t, OSCin (Pins 18 and 19) - These pins form an 
on-chip reference oscillator when connected to terminals of 
an external parallel resonant crystal. Frequency setting 
capacitors of appropriate value must be connected from 
OSCj n to ground and OSC out to ground. OSQ n may also 
serve as input for an externally-generated reference signal. 
This signal will typically be AC coupled to OSCj n , but for 
larger amplitude signals (standard CMOS-logic levels) DC 
coupling may also be used. In the external reference mode, 
no connection is required to OSC ou t. 
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PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 



Al 



PD ou ,o_ 
*RO- 
*vo- 



R1 



r 



-OVCO 



1 /^KVCO 
WN " [/-NRlC- 

f =0.5, N IN/K^Kvcol 




■O VCO 



F(s) . 



1 



R1CS + 1 



1 / MVCO 
N ^ NCIR1 + R2 



f = 0-5 u N IR2C + N/K^KvCO' 



FIs) =- 



SIR1C + R2C) + 1 



C) 



*R O- 



Rl 



i — I — i 

c 



*v ° VW f 

81 1 1 

>R2 

r 



-OVCO 



I / 

"N - 1/ 



<»*VC0 
NCR1 



= UNR2C 
1 2 



Assuming gain A is very large, then: 

Flsl = fl2CS + 1 
R1CS 



NOTE: Sometimes R 1 is split into two series resistors each R 1 * 2. A capacitor Cq is then placed from -.he midpoint to ground to further filter *v and 
*R The value for Cc should be such that the corner frequency of this network does not significantly affect u>n 

DEFINITIONS: N = Total Division Ratio in feedback loop 
<♦ = V DD /4i for PDou, 
<J = Vqd/2t for *v and *R 
2TAfyco 



K VCO ■ 



AVvcO 



for a typical design u N z (2jt/1 01 t, lat phase detector inputl 
f 3 1 
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FIGURE 1 

PHASE DETECTOR OUTPUT WAVEFORMS 



Reference 
(Osc * R) 



P D Out 



*R 





















Feedback 
(f in * Nl 



















ji n 



— 



if 







NOTE: The Pq output state is equal to either Vqd or Vss when active. When not active, the output is high impedance and the voltage at that 
pin is determined by the low pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 





Pan Number 


Format 


Prescale 


Phase Detector 




MC145144 
MC145145 
MC145146 


4-Bit Data 
Bus Input 
Format 


Single Modulus 
Single Modulus 
Dual Modulus 


3 State 
3 State/2 Output 
3 State/2 Output 








MC145151 
MC145152 


Parallel Input 
Format 


Single Modulus 
Dual Modulus 


3 State/2 Output 
2 Output 








MC145155 


Serial Input 


Single Modulus 
Dual Modulus 


3 State/2 Output 




MC145156 


Format 


3 State/2 Output 






MC145157 
MC145158 
MC145159 




Single Modulus 
Dual Modulus 
Dual Modulus 


3 State/2 Output 
3 State/2 Output 
3 State/ Analog 





MC145156 
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DUAL MODULUS PRESCALING 

The technique of dual modulus prescaling is well estab- 
lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the ap- 
proach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and per- 
formance that would otherwise result if a fixed (single 
modulus) divider was used for the prescaler. 

In dual modulus prescaling, the lower speed counters 
must be uniquely configured. Special control logic is 
necessary to select the divide value P or P + 1 in the prescaler 
for the required amount of time (see modulus control defini- 
tion). The MC145156 contains this feature and can be used 
with a variety of dual modulus prescalers to allow speed, 
complexity and cost to be tailored to the system re- 
quirements. Prescalers having P, P+1 divide values in the 
range of * 3/ * 4 to * 128/ * 129 can be controlled by the 
MC145156. 

Several dual modulus prescaler approaches suitable for 
use with the MC145156 are given in Figure 7. The ap- 
proaches range from the low cost -15/ -16, MC3393P 
device capable of system speeds in excess of 100 MHz to the 
MC12000 series having capabilities extending to greater than 
500 MHz. Synthesizers featuring the MC145156 and dual 
modulus prescaling are shown in Figures 8 and 9 for two 
typical applications. 



DESIGN GUIDELINES APPLICABLE 
TO THE MC145156 

The system total divide value (Ntotal' w '" De dictated by 
the application, i.e. 



Ntotal 



frequency into the prescaler 
frequency into the 



N»P + A 



N is the number programmed into the * N counter; A is 
the number programmed into the * A counter. P and P + 1 
are the two selectable divide ratios available in the two 
modulus prescalers. To have a range of Ntotal values in se- 
quence, the +■ A counter is programmed from zero through 
P-1 for a particular value N in the divide N counter. N is 
then incremented to N + 1 and the * A is sequenced from 
zero through P- 1 again. 

There are minimum and maximum values that can be 
achieved for Ntotal- These values are a function of P and the 
size of the m N and * A counters. The constraint N > A 
always applies. If A max = P - 1 then N m j n > P - 1. Then 
Ntotal -min = <P-D P + A or (P-1) P since A is free to 
assume the value of zero. 

Ntotal -max ■ N max • P + A max 

To maximize system frequency capability, the dual modulus 
prescaler's output must go from low to high after each group 
of P or P + 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
modulus control is low. 



For the maximum frequency into the prescaler ( F vc0 max) , 
the value used for P must be large enough such that: 

A. F vc0 max divided by P may not exceed the frequency 
capability of Pin 10 of the MC145156. 

B. The period of F vc0 ,divided by P, must be greater than 
the sum of the times: 

a. Propagation delay through the dual modulus 
prescaler. 

b. Prescaler setup or release time relative to its 
modulus control signal. 

c. Propagation time from fj n to the modulus control 
output for the MC145156. 

A sometimes useful simplification in the MC145156 pro- 
gramming code can be achieved by choosing the values for 
P of 8, 16, 32, 64 or >28. For these cases, the desired value 
for Nt t a | will result when Ntotal m binary is used as the pro- 
gram code to the * N and * A counters treated in the 
following manner: 

A. Assume the j* A counter contains "b" bits where 2^ 
= P. 

B. Always program all higher order - A counter bits 
above "b" to zero. 

C. Assume the * N counter and the * A counter (with all 
the higher order bits above "b" ignored) combined in- 
to a single binary counter of 10+ b bits in length. The 
MSB of this "hypothetical" counter is to correspond 
to the MSB of - N and the LSB is to correspond to 
the LSB of f A. The system divide value. Ntotal, n °vv 
results when the value of Ntotal > n binary is used to 
program the "New" 10+ b bit counter. 



FIGURE 7 - HIGH FREQUENCY DUAL MODULUS 
PRESCALERS FOR USE WITH THE MC146156 



MC12009 
MC12011 
MC12013 
•MC3393 



■5/-6 440 MHz 

-8/-9 600 MHz 

-10/-11 500 MHz 

-15/ -16 | 140 MHz 



•Proposed introduction in 1980 



By using two 



several dual modulus values are 



Modulus 
Control 







I 


1 i 






Device A 




Device B 




M 








MC120O9 


MC12011 


MC12013 


-20/ -21 


-32/ -33 


-40/ -41 


-50/ -51 


-80/ -81 


-100/ -101 


-40/ -41 


-64/-65 




or 


Of 


-80/ -81 


-80/ -81 


-128/ -129 





NOTE: MC12009, MC120U and MCl2013are pin equivalent 



FIGURE 8 - AVIONICS NAV AND COM SYNTHESIZER 



— 17 



r. XI 



OSC in OSC out 
VOD 



NAV = 01 
COM = 10 



2 |l j 20 



Lock Detect Signal 



vss 
Href, 



RA2 RAi RAo LD SW1 SW2 
PDout 

MC145156 



out 



Clock Data Enable fj n Mod Control 



12 n 



13 



MPU/Microcomputer 



VCO Range 



NAV 
COM-T 
COM-R 



97 300-107.250 MHz 
118 000-135.975 MHz 
139.400-157.375 MHz 



Channel 
Selection 



To 
Display 




+ 40/ +41 Dual Modulus Prescaler 



NOTES 

1) for NAV: F R = 50 kHz, + R = 64 using 10.7 MHz lowside inaction, N tota |= 1946 2145 

tor COM-T F R = 25 kHz, * R = 128 using 21.4 MHz highside injection, N, ola | = 4720-5439 

for COM-R Ff| = 25 kHz, + R = 128 using 21.4 MHz highside injection, N, ota | = 5576-6295 
21 A +32/ +33 dual modulus approach is provided by substituting an MC1201 1 ( +8/ +91 for the MCI 201 3. The devices are pin equivalent 
31 A 6 4 MHz oscillator crystal can be used by selecting + R = 128 (code 0101 for NAV and + R = 256 (code 0111 for COM 



FIGURE 9 - FM/AM BROADCAST RADIO SYNTHESIZER 



FM B + 



r 

3.2 MHz CD 



- 17 



\l jl 



OSCqui 
OSCin 


RA2 RA1 RAo 


LD SW1SW2 
PDout 








*R 


REF 0U , 


MC145156 






VDD 






Mod 


vss 




Control 
fin 



12 E 



Keyboard 



MC6805 
Microcomputer 



— Display 




NOTE I: 

for FM: channel spacing = 25 kHz, * R = » 128 Icode 0101 
for AM: channel spacing = 6 kHz, «• R ■ * 640 Icode 1001 



® 



MOTOROLA 



Advance Information 



ENCY 



SERIAL INPUT PLL FREQUENCY SYNTHESIZERS 

The MC145157 and MC145158 are part of a family of CMOS Phase 
Lock Loop frequency synthesizer devices from Motorola. These devices 
utilize silicon-gate CMOS technology to achieve the operating speeds 
necessary for high-frequency operation. The family includes devices 
having serial, parallel, and 4-bit data bus programmable inputs. Options 
include single- or dual-modulus capability, transmit/receive offsets, and 
a choice of phase detector types. 

The MC145157 and MC145158 have fully programmable 14-bit 
reference counters, as well as fully programmable i» N (MC145157) and 

• N/ * A (MC145158) counters. The counters are programmed serially 
through a common data input and latched into the appropriate counter 
latch, according to the last data bit (control bit) entered. 

When combined with a loop filter and VCO, these devices can pro- 
vide all the remaining functions for a PLL frequency synthesizer 
operating up to the device's frequency limit. For higher VCO frequency 
operation, a down mixer or a fixed-divide prescaler can be used 
between the VCO and the PLL for the MC145157 and a dual-modulus 
prescaler for the MC145158. 

• General Purpose Applications — 
CATV 

AM/FM Radios 
Two-Way Radios 
TV Tuning 
Scanning Receivers 
Amateur Radio 

• Low Power Drain 

• 3.0 to 9.0 V Supply Range 

• 30 MHz Typical Input Capability 9 5 V (f ln Input) 

• Fully Programmable Reference and + N Counters 

• Reference Divider Range = 3 to 1 6383 

• - N Range = 3 to 1 6383 for the MC 1451 57 
= 3 to 1023 for the MC145158 

• Dual Modulus Capability for the MCI 451 58 
* A Range = to 127 

• f v and f r Outputs 

• Lock Detect Signal 

• "Linearized" Digital Phase Detector 

• Single Ended (Three-State) or Double-Ended Phase Detector Out- 
puts. 



I 



MC145157 
MC145158 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 



SERIAL INPUT PLL 
FREQUENCY SYNTHESIZER 





L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

-PLASTIC PACKAGE 
CASE 648 



ORDERING INFORMATION 



T Suff 



Denotes 
Ceramic Package 
Plastic Package 
Limited Operating 
Temperature Range 



PIN ASSIGNMENT 



OSCjri 
OSC ou t 
fv 
VDD 
PDout 
VSS 
LD 

'in 



MC145157 



[ 2 
I 3 
I J 

h 

6 

7 

ds 



15 1 
14 ] 
13 1 
12 1 
11 ] 
10 1 
9 I 



4R 

*V 

PEF 0U , 

|r 

S/R ijt 
LE 
Data 
Clock 



MC146158 




2-338 

www 



ADI-900 



MC145157«MC145158 



MAXIMUM RATINGS (Voltages Referenced to V S sl 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


VDD 


-0.5 to + 10 


V 


Input Voltage, All Inputs 


Vin 


-0.5 to V DD +0 5 


V 


DC Current Drain Per Pin 


I 


10 


mA 


DC Current Drain Vqd or V$s Pins 


I 


30 


mA 


Operating Temperature Range 


T A 


- 40 to + 85 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. For proper operation it is 
recommended that Vj n and V ut De con " 
strained to the range GNDs (Vj n or 

VoutfeVcO 

Unused inputs must always be tied to an 
appropriate logic voltage level le g., either 
GND or V CC ) 



Characteristic 


Symbol 


VDD 


TLow 


25 °C 


THigh 


Units 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Voltage Range 


VDD 






3 


g 


3 




9 


3 


9 


V 








Output Voltage Level 






3 




05 







0.05 




0.05 




Vi n = Vnn or 

III UU v " " 


Vol 








05 




g 




















05 




o 


05 




05 


V 






















3 


2.95 




2.95 


3 




2.95 






Vj n = or Vqd 1 Level 


Vqh 




5 
























9 


8 95 




8 95 






8 95 






Input Voltage Level 

























V =2.6 or 0.5 






3 




0.9 




1.35 


0.9 




0.9 




Vq = 4.5 or 0.5 
V =8,5 or 1.5 


V|L 




5 
9 




1.5 




2.75 

4 x 


1,5 
2,7 




1.5 






- 


2 7 


- 


- 


V 


Vo=0.5or2.5 1 Level 






3 


2.10 




2 10 


1 65 




2.10 






Vo=0.5 or 4,5 


V|H 




5 


35 




3.5 


2 75 




35 








_ 








Vq= 1 .5 or 8 5 






9 


6.3 


- 


6.3 


4 95 




6.3 






Output Current Source 
























VOH = 2 ' 7 






3 


-0.44 




-0.35 
-0.51 


-0.66 
-0.88 




-0.22 






VoH'4-6 


lOH 




5 


-0.64 






-0.36 






V H = 8.5 






9 


-13 




-1.0 


-1.3 




-0,7 




mA 


Vol = 0,3 Sink 






3 


0.44 




0.35 


66 




0.22 






V OL = 0.4 


IOL 




5 


0.64 




0.51 


0.88 




0.36 






VOL = 0.5 






9 


13 




1.0 


1.3 




0.7 






Output Current Modulus Control 
























Source 
























V OH = 27 






3 


-0.25 




-0.15 


-0.5 




-0.08 






V H = 4.6 


!OH 




5 


-0.75 




-0.45 


-1.5 




-0.23 




mA 


V OH = 8.5 






9 


- 1 25 




-0.75 


-2.5 




-038 


















Output Current Modulus Control 
V L = 0.3 Sink 






3 


0.8 




0.48 


|| 




0,24 






V OL = 0,4 


60 




5 


1.5 




90 


3 




45 




mA 


V OL = 0,5 






9 


3.6 




2.10 


7 




1 05 






Input Current Other Inputs 






9 




±0 3 




±0 00001 


±0 1 




±1.0 




Enable 


l|L 




9 




-60 




-25 


-50 




-35 




fin. OSC m 






9 




±15 




±5 


± 10 




±8 


*a 


f m , OSCj n 


lH 




9 




+ 15 




±5 


±10 




±8 




Other Inputs 






9 




±0.3 




±0.00001 


±0.1 




±1.0 




Input Capacitance 


C,n 


3-9 




10 




6 


10 




10 


pF 


Output Capacitance 


^-OUt 


3-9 




10 




6 






10 


pF 


















3 




800 




200 


800 




1600 




Quiescent Current 


'DD 




5 




1200 




300 


1200 




2400 


ma 








9 




1600 




400 


1600 




3200 


















3-State Leakage Current PDout 




9 




±0.1 




±0.0001 


±0 1 




±3.0 


«a 



NOTE: T, ovv = -40°C 
Thigh = 85°C 
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SWITCHING CHARACTERISTICS (T A = 25°C, C L = 50 pFI 



Characteristic 


Symbol 


vdd 


Min 


Typ 


Max 


Units 






3 




100 


200 




Output Rise Time, Modulus Control (Figure 2) 


l TLH 


5 


_ 


50 


100 


ns 






9 


'_ 


40 


80 








3 




50 


100 




Output Fall Time Modulus Control (Figure 2) 


hHL 


5 




25 


50 


ns 






9 




20 


40 






















3 




140 


280 




Oiitnut Rico Timp I H fw fn (Finiirp> 91 
uuipui n rot? Mine, i—L^ , iy , i ^ \i iljuic 


l TLH 


5 




go 


180 


ns 






g 




80 


160 








3 




140 


280 




Oiitnut Fall Time 1 Pt fw fn iFiniiro 91 
WUipUl rdll 1 llHC, LL/, 1 ft \ riyuie ZJ 


UHL 


5 




90 


180 


ns 






9 




80 


160 








3 




1 00 


200 




Propagation Delay Time 


l PLH 


5 




50 


80 


ns 




9 




30 


50 




fj n to Modulus Control (Figure 3) 




3 




80 


200 






tpHL 


^ 




50 


80 


ns 






9 




30 


50 




Setup Times 




3 




20 


50 




Data To Clock 


tsu 


5 




10 


25 


ns 






9 




8 


20 








3 




25 


60 




Latch Enable To Clock (Figure 4) 


*su 








15 








9 




5 


10 




Hold Time 




3 




50 


80 




Data To Clock (Figure 4) 


<h 


6 




30 


50 


ns 






9 




10 


25 




Output Pulse Width 




3 


■ 


200 


300 




*R, «V with fR in Phase With f v (Figure 5) 


tWI*) 




50 








5 


100 


150 


ns 




9 


40 


70 


100 








3 






5 




Input Rise And Fall Times 


tTLH. 


5 






4 


*s 


Clock, OSCj n , fj n (Figure 6) 


>THL 


9 






2 






3 


40 


30 






Input Pulse Width OSC in , f in , Clock (Figure 7) 


tw 


5 


36 


20 




ns 






9 














25 


15 







FREQUENCY CHARACTERISTICS 



Characteristic 


Symbol 


vdd 


T|ow* 


25 °C 


Thigh* 


Units 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Operating Frequency 
OSC in 


lnput= SQ Wave (Vdd '° Vss 1 


^max 


3 
5 
9 




6 
13 
18 




10 
20 


5 
10 




4 

8 


MHz 


lnput= Sin Wave (500 mVp-pl 




32 


16 




13 


'max 


3 
5 




5 
8 
9 




9 
13 
14 


4 

6 

7 




3 
5 
6 


MHz 




9 




Operating Frequency 


Input = SQ Wave (V DD to V ss ) 


'max 


3 
5 




14 
30 
30 




17 
30 


11 




8 


MHz 


fin 


22 




18 
31 






9 


49 


41 




lnput= Sin Wave (500 mVp-p) 




3 




14 




17 


11 




8 






*max 


5 




29 




30 


22 




17 


MHz 








9 




37 




40 


30 




24 





•T, OW =-40°C 
Thigh = 85°C 



2-340 



MC145157-MC145158 



LE 



OSC in 

osc oul 

J 



^1 



1 Bit 
Control 

S/R 



4-8it Shift Register 



)-»■ 14 Bit Latch 



14-Bit * R Counter 



'4>^— "Httttt- 



14-Bit * N Counter 

'tttttttttttttt; 



r 



14-Bn Shift Register 



Lock 


7 


Detect 




t 




PD A 


5 




1 1 






16 


PD B 


15 




3 





i'R 
- LD 

•PDout 



-*V 




MC145158 



OSC ou t - 

REF OUt " 



<in 



{> 



1-Bit 
Control 
S/R 



14-Bit Shift Register 



IIIIIIIIXXTZX 



14-Bit + R Counter 



Control 
Logic 



H 



>-[>I| J* Latch 



Clock - 



7-Bit + A 
Counter 




10-Bit * N 
Counter 


ttttttt 


tttttttttt 


7-Bit 
Latch 


— *- 


10-Bit 
Latch 


ttttttt 




tttttttttt 








7-Bit S/R 


X 


10-Bit S/R 







13 



Lock 
Detect 



<R 



PD A 



_PD out 





_Ji«R 


PD B 





12 Modulus 
Control 
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PIN DESCRIPTIONS 

INPUTS 

OSCjn, OSC ou t (Pins 1, 2) — These pins form an on-chip 
reference oscillator when connected to terminals of an exter- 
nal parallel resonant crystal. Frequency setting capacitors of 
appropriate value must be connected from OSCj n to ground 
and OSC ou t l ° ground. OSCj n may also serve as input for an 
externally-generated reference signal. This signal will typi- 
cally be AC coupled to OSCj n , but for larger amplitude 
signals (standard CMOS-logic levels) DC coupling may also 
be used. In the external reference mode, no connection is re- 
quired to OSC ut 

fj n (Pin 8) - Input frequency from VCO output. A rising 
edge signal on this input decrements the -*- N counter ( * A 
or -*- N counter for the MC145158). This input has an inverter 
biased in the linear region to allow use with AC signals as low 
as 500 mV p-p or with a square wave of Vqq to VsS- 

Clock, Data (Pins 9, 10) — Shift register clock and data in- 
put. Each low-to-high transition of the clock shifts one bit of 
data into the on-chip shift registers. The last data bit entered 
determines which counter storage latch is activated; a logic 
one selects the reference counter latch and a logic zero 
selects the * N counter latch ( - A, * N counter latch for the 
MC145158). The data entry format is as follows: 



MC145157 * R and * N Data Input 
MC145158 ~R Data Input 



MC145158 * A, *N Data Input 
l"« *A 



First Data Bit Into f 
Shift Register 



First Data Bit Into ^ 
Shift Register 

OUTPUTS 

fR< (Pins 13, 31 — Divided reference and fj n frequency 
outputs. The fR and fv outputs are connected internally to 
the + R and * N counter outputs respectively, allowing the 
counters to be used independently, as well as monitoring the 
phase detector inputs. 

PD out (Pin5) - Single ended (three-state) phase detector 
output. This output produces a loop error signal that is used 
with a loop filter to control a VCO. This phase detector out- 
put is described below and illustrated in Figure 8. 

Frequency fy>fR ° r W Leading: Negative Pulses 
Frequency fy<fR or fy Lagging: Positive Pulses 
Frequency fv = fR and Phase Coincidence: High-Impedance 
State 



*R,#V (Pins 16, 15) — Double-ended phase detector out- 
puts. These outputs can be combined externally for a loop 
error signal. A single-ended output is also available for this 
purpose (see PD ou t)' 

If frequency fy is greater than fR or if the phase of fy is 
leading, then error information is provided by #y pulsing 
low. (/>r remains essentially high (see Figure 8 for 
illustration). 

If the frequency fy is less than fR or if the phase of fy is 
lagging, then error information is provided by <£r pulsing 
low; <£y remains essentially high. 

If the frequency of fy=fR and both are in phase, then 
both 0y and 0R remain high except for a small minimum 
time period when both pulse low in phase. 

S/Rout IP'" 12 of the MC145T57) - Shift register output. 
This output can be connected to an external shift register to 
provide band switching, control information, and counter 
programming code checking. 

Modulus Control (Pin 12 of the MC145158) - Modulus 
control output. This output generates a signal by the on-chip 
control logic circuitry for controlling an external dual 
modulus prescaler. The modulus control level will be low at 
the beginning of a count cycle and will remain low until the 
+ A counter has counted down from its programmed value. 
At this time, modulus control goes high and remains high 
until the *■ N counter has counted the rest of the way down 
from its programmed value (N - A additional counts since 
both * N and * A are counting down during the first portion 
of the cycle). Modulus control is then set back low, the 
counters preset to their respective programmed values, and 
the above sequence repeated. This provides for a total pro- 
grammable divide value INj) = N • P + A where P and P + 
1 represent the dual modulus prescaler divide values respec- 
tively for high and low modulus control levels, N the number 
programmed into the * N counter and A the number pro- 
grammed into the *■ A counter. Note that when a prescaler is 
needed, the dual modulus version offers a distinct advan- 
tage. The dual modulus prescaler allows a higher reference 
frequency at the phase detector input, increasing system 
performance capability, and simplifying the loop filter 
design. 

LD (Pin 7) - Lock detect signal. This output is at a high 
logic level when the loop is locked (fR, fy of same phase and 
frequency), and pulses low when the loop is out of lock. 

REF out (Pin 14) — Buffered reference oscillator output. 
This output can be used as a second local oscillator, 
reference oscillator to another frequency synthesizer, or as 
the system clock to a microprocessor controller. 

CONTROLS 

LE (Pin 11) - Latch Enable Input. A logic high on this pin 
latches the data from the shift register into the reference 
divider or * N, + A latches depending on the control bit. The 
reference divider latches are activated if the control bit is at a 
logic high and the + N, + A latches are activated if the con- 
trol bit is at a logic low. A logic low on the LE pin allows the 
user to change the data in the shift registers without affect- 
ing the counters. 

DUAL MODULUS PRESCALING 

The technique of dual modulus prescaling is well estab- 
lished as a method of achieving high performance frequency 
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synthesizer operation at high frequencies. Basically, the ap- 
proach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and per- 
formance that would otherwise result if a fixed (single 
modulus) divider was used for the prescaler. 

In dual modulus prescaling, the lower speed counters 
must be uniquely configured. Special control logic is 
necessary to select the divide value P or P + 1 in the prescaler 
for the required amount of time (see modulus control defini- 
tion!. The MC145158 contains this feature and can be used 
with a variety of dual modulus prescalers to allow speed, 
complexity and cost to be tailored to the system re- 
quirements. Prescalers having P, P + 1 divide values in the 
range of *3/*4 to - 128/ * 129 can be controlled by the 
MC145158. 

Several dual modulus prescaler approaches suitable for 
use with the MC145158 are given in Figure 1. The ap- 
proaches range from the low cost * 15/ * 16, MC3393P 
device capable of system speeds in excess of 100 MHz to the 
MC12000 series having capabilities extending to greater than 
500 MHz. 

DESIGN GUIDELINES APPLICABLE 
TO THE MC145158 

The system total divide value (N tota |) will be dictated by 
the application, i.e. 



frequency into the prescaler 
N total- frequency into the phase detector 



= N«P+A 



N is the number programmed into the - N counter; A is 
the number programmed into the + A counter. P and P + 1 
are the two selectable divide ratios available in the two 
modulus prescalers To have a range of Ntotal values in se- 
quence, the + A counter is programmed from zero through 
P - 1 for a particular value N in the - N counter. N is then in- 
cremented to N + 1 and the - A is sequenced from zero 
through P- 1 again 

There are minimum and maximum values that can be 
achieved for Ntotal- These values are a function of P and the 
size of the ♦ N and * A counters, the constraint N > A 
always applies. If A max = P-1 the N m j n > P-1. Then 
N(total-min) = (P - II P + A or IP - 11 P since A is free to 
assume the value of zero. 

Nltotal- max) = N max , P + A m ax 



b. Prescaler setup or release time relative to its 
modulus control signal. 

c. Propagation time from fj n to the modulus control 
output for the MC145158. 

A sometimes useful simplification in the MC145158 pro- 
gramming code can be achieved by choosing the values for P 
of 8, 16, 32, 64 or 128. For these cases, the desired value for 
Ntotal wil1 result when N total in binary is used as the pro- 
gram code to the * N and * A counters treated in the 
following manner: 

A. Assume the ♦ A counter contains "b" bits where 2 b = 
P. 

B. Always program all higher order -A counter bits 
above "b" to zero. 

C. Assume the * N counter and the + A counter (with all 
the higher order bits above "b" ignored) combined in- 
to a single binary counter of 10+ b bits in length. The 
MSB of this "hypothetical" counter is to correspond 
to the MSB of - N and the LSB is to correspond to the 
LSB of -A. The system divide value, N to ta|. now 
results when the value of N tota | in binary is used to 
program the "New" 10+ b bit counter. 



HIGH FREQUENCY DUAL MODULUS 
FOR USE WITH THE MC145158 



MC12009 
MC12011 
MC12013 
MC12015 
MC12016 
MC12017 
•MC12018 
MC3393 



-5/-6 
*8/*9 

* 10/ » 1 1 
-32/ -33 
-407*41 
-64/ -65 

- 128/ * 129 

* 15/ * 16 



440 MHz Min 
600 MHz Min 
500 MHz Min 
225 MHz Min 
225 MHz Min 
225 MHz Min 
520 MHz Min 
140 MHz Typ 



'Proposed Introduction 1983 



By using two devices several dual modulus values are achievable: 

Modulus 
Control 



Device A 



Device B 




To maximize system frequency capability, the dual modulus 
prescaler's output must go from low to high after each group 
of P or P + 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
modulus control is low. 

For the maximum frequency into the prescaler (F vco max), 
the value used for P must be large enough such that: 

A. F vc0 max divided by P may not exceed the frequency 
capability of Pin 8 of the MC145158. 

B. The period of F vc0 ( max ), divided by P, must be greater 
than the sum of the times: 

a. Propagation delay through the dual modulus 



MC12011 



MC12013 



MC10131 
MC10138 


-20/* 21 


-32/ -33 


-40/ -41 


-50/ -51 


-80/ -81 


-100/ -101 




-40/ -41 


-64/ -65 




MC10154 


or 


or 


-80/-81 




-80/ -81 


-128/ -129 





NOTE: MC12009, MC12011 and MC12013 are pin equivalent 
MC12015, MC12016, and MC12017 are pin equivalent. 
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SWITCHING WAVEFORMS 




Clock 



Data 50% 



LE 50% 



'su 



X 



1.«V* 50%^ 



FIGURE 5 

— <W« 



«R.«V* 50%\ 



3 



<TLH-»J k— ITHL-*) k— 
Clock. f =t 
'SC in . f,„ y ^. 



FIGURE7 



Clock 





*f r m phase with f v 
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FIGURE 8 

PHASE DETECTOR OUTPUT WAVEFORMS 



srence 

- Ri I L 



Reference 
(Osc * 



ri rt 



'V 

Feedback 
(f in * Nl 



P D Out [~~L 



¥ 



- 



¥ 



LD 



LI IT 



¥ 



NOTE: The Pq output state is approximately equal to either Vqd or Vss when active. When not active, the output is high impedance and the 
voltage at that pin is determined by the low pass filter capacitor. 



RELATED PHASE LOCKED LOOP FREQUENCY SYNTHESIZERS 



Part Number 


Format 


Prescale 


Phase Detector 


MC145144 
MC145145 
MC145146 


4- Bit Data 
Bus Input 
Format 


Single Modulus 
Single Modulus 
Dual Modulus 


3 State 
3 State/2 Output 
3 State/2 Output 


MC145151 
MC145152 


Parallel Input 
Format 


Single Modulus 
Dual Modulus 


3 State/2 Output 
2 Output 


MC1451S5 
MC145156 
MC145157 
MC145158 
MC145159 


Serial Input 
Format 


Single Modulus 
Dual Modulus 

Single Modulus 
Dual Modulus 
Dual Modulus 


3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/2 Output 
3 State/ Analog 
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PHASE LOCKED LOOP - LOW PASS FILTER DESIGN 



Al PDout° VW 



0VL0 

* R0 — « un = [/-nric- 

_L _ No, N 

«V0 - f 2K*K VC0 

F(s) = - 



*W\^ 



p Dout° 

R1 

♦RO 



R2« 



I 



R1CS + 1 



1/ K » K VC 

UN= [/norTT 



F(s) =- 



VCO/ 

R2CS + 1 




NOTE: Sometimes R 1 is split into two series resistors each R 1 -* 2. A capacitor Cq is then placed Irom the midpoint to ground to further filter <£v and 
*R The value for Cc should be such that the corner frequency of this network does not significantly affect wpg 



DEFINITIONS: N = 
K * 

KVCO 



Total Division Ratio m feedback loop 
Vdd' 4t ,or p Dout 
Vqq/2i for «v and *R 
2TAfyco 
4V VC0 

for a typical design wn s 2rfr (at phase detector input) 
10 
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Product Preview 







— 







SERIAL INPUT PLL FREQUENCY SYNTHESIZERS 
WITH ANALOG PHASE DETECTOR 

TheMC145159 is part of a family of CMOS Phase Lock Loop frequency 
synthesizer devices from Motorola. This device utilizes silicon-gate CMOS 
technology to achieve the operating speeds necessaryfor high-frequency 
operation. The family includes devices having serial, parallel, and 4-bit 
data bus programmable inputs. Options include single- or dual-modulus 
capability, transmit/receive offsets, and a choice of phase detector types. 

The MC145159 has a fully programmable 14-bit reference counter, as 
well as fully programmable + N/ + A counters. The counters are program- 
med serially through a common data input and latched into the appro- 
priate counter latch, according to the last data bit (control bit) entered. 

When combined with a loop filter and VCO, these devices can provide 
all the remaining functions for a PLL frequency synthesizer operating up to 
the device's frequency limit. For higher VCO frequency operation, a down 
mixer or a fixed-divide prescaler can be used between the VCO and the 



General Purpose Applications 
CATV 

AM/FM Radios 
Two-Way Radios 
TV Tuning 
Scanning Receivers 
Amateur Radio 
Low Power Drain 
3.0 to 9.0 V Supply Range 
> 30 MHz Typical Input Capability @ 5 V 
Fully Programmable Reference and A Counters 
Reference Divider Range = 3 to 16383 

Range = 3 to 1023 
Dual Modulus Capability 
+A range = to 127 
Lock Detect Signal 
"Linearized" Digital Phase Detector 



• Single Ended (Three-State| or Analog Phase Detector Outputs. 



CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

. INPUT PLL 
' SYNTHESIZER 




L SUFFIX 

CERAMIC PACKAGE 
CASE 732 



P SUFFIX 

PLASTIC PACKAGE 
CASE 738 




PIN ASSIGNMENT 



R C 

osc IN □ 

OSCrJUT \Z 

Charge Q 

PD B 



t 



vss C 

E 

c 



Modulus 
Conirol 



□ CP 

□ V DD 

□ cs 

□ ™a 

□ v ss 

□ »R 

□ S/"0UT 

^] Latch Enable 

^] Oaia 

^| S/R Clock 



® 
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DUAL TUNEABLE 
LOW PASS SAMPLED DATA FILTERS 

The MC145414 is sampled data, switched capacitor filter IC intended 
to provide band limiting and signal restoration filtering. It is capable of 
operating from either a single or split power supply and can be 
powered-down when not in use. Included on the IC are two totally un- 
committed op amps for use elsewhere in the system as I to V con- 
verters, gain adjust buffers, etc. 



• Two General Purpose 5th Order Elliptic Low Pass Filters 

• Low Operating Power Consumption — 30 mW (Typical) 

• Power Down Capability - 1 mW (Maximuml 

• ±5 to ±8 Volt Power Supply Ranges 

• TTL or CMOS Compatible Inputs Using VLS Pin 

• Two Operational Amplifiers Available to Reduce Component 
Count" 

• Useful in LPC or CVSD Speech Applications 

• Passband Edges Tuneable With Clock Frequency From 1.25 kHz 
to 1 kHz 



BLOCK DIAGRAM 
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v D d°- 
vss°- 



Filter A 



-° A ou , 



Bias and 
Power Down 



>V A G 



Filter B 
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MC145414 



CMOS LSI 



DUAL TUNEABLE 
LOW PASS 
SAMPLED DATA FILTERS 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



PIN ASSIGNMENT 




ORDERING INFORMATION 



-L Ceramic Package 
-P Plastic Package 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that V, n and 
V ou t be constrained to the range 
V SS 5(V jn or V out lsV DD . 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vjs or VddI- 



£. 0*tO 
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MAXIMUM RATINGS [Voltages referenced to Vss> 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd-vss 


-0.5 to 18 


V 


Input Voltage, Ail Pins 


V in 


-0.5 to Vqq +0.5 


V 


DC Current Drain per Pin (Excluding Vrjr_), Vs$) 


I 


10 


mA 


Operating Temperature Range 


t a 


to 85 


°C 


Storage Temperature Range 


Tstg 


-65 to 150 


°C 




RECOMMENDED OPERATING CONDITIONS 












Parameter 


Symbol 




Typ 


Max 


Unit 


DC Supply Voltage 


V DD-VSS 


10 


12 


16 


V 


Clock 1 , 2 Frequency 


fCL 


50 


128 


400 


kHz 













DIGITAL ELECTRICAL CHARACTERISTICS (V S s = V) 







Vdd 
Vdc 


25 °C 




Characteristic 


Symbol 


Unit 


Min 


Typ 


Max 


Operating Current 


Idd 


12 




2.0 


4.0 


mA 


Power-Down Current IPDI=Vss1 


IPD 


12 




10 


40 


„A 


Input Capacitance 


c in 


12 




5.0 




PF 


MODE CONTROL LOGIC LEVELS 


VLS Power-Down Mode 


V|H 


12 
15 


11.5 
14.5 


11 
13 




V 


VLS TTL Mode 




12 
15 


4.0 
5.0 




8 
9 


V 






12 






0.8 
0.8 


V 


VLS CMOS Mode 


V|L 


15 






VAG Power-Down Mode 


V|H 


12 
15 


11.5 
14.5 


10.5 
13.5 




V 


VAG Analog-Ground Mode 


V|L 


12 
15 






7.0 

9.0 


V 


CMOS LOGIC LEVELS (V l 


s = vss> 












Input Current Clock 1, 2 "1" Level 




12 




50 


100 




(Internal Pulldown Resistors) "0" Level 


lin 


12 




-0.00001 


-0.3 


Input Voltage Clock 1,2 "0" Level 

"1" Level 


V|L 


12 
15 




5.25 
6.75 


3.0 
3.5 


V 


V|H 


12 


9.0 


6.75 
8.25 




V 






15 


11.5 






TTL LOGIC LEVELS (VLS = 6 V, V S s = V) 






12 
12 




50 
-0.00001 


100 
-0.3 


MA 


Input Current Clock 1 , 2 "1" Level 
(Internal Pulldown Resistor) "0" Level 


lin 


Input Voltage Clock 1, 2 "0" Level 

"1" Level 


V|L 
V|H 


12 






VLS + 0.8 


V 


12 


VLS + 2.0 
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ANALOG ELECTRICAL CHARACTERISTICS <V DD = 12 V) 



Characteristic 


Symbol 


25 °C 


Unit 


Min 


Typ 


Max 


Input Current 


A in- Bjn 


lin 




± U.UUUU 1 


± 1 




Input Current 


VAG 


; 

Nn 




±0 00001 


±10 


. — 

(»A 


AC Input Impedance (1 kHz! 


A in. Bin 


Zin 


- 


2 


- 


MO 


Input Common Mode Voltage Range 


Aj n , Bi n , + A. - A, +B. - B 


V|CR 


2 


- 


10.0 


V 


Input Offset Current 


+ A to - A, + B to - B 


l|D 




±10 




nA 


Input Bias Current 


+ A, -A. +B. -B 


l|B 




±0.10 


±1.0 


nA 


Input Offset Voltage 


+ A to - A, + B to - B 


VlD 




±10 


±70 


mV 


Output Voltage Range 
(R|_ = 20 kO to VAG, Rrj = ool 


AO, BO, A out , B ou , 


VOR 


1.5 




10.5 


V 


(R[_ = 600Qto VAG. R B =1.6kDto Vdd> 
(R L = 9O0fl to VAG. R B = 1.8 kO to V DD ) 




3.0 




8.3 








2.5 




9.0 




Small Signal Output Impedance ( 1 kHz) 


A out 

B OUt 


Zo 




50 
50 

















Output Current 














(V O =10.5VI 


Aout. Bout. AO. BO 


!OH 


-200 


-400 




•ft 


IVq=1.6VI 


Aout. Bout. AO, BO 


lOL 


6 


7.5 




mA 


Unity Gain Output Noise 


AO. BO 






15 




(<Vrms 



FILTER A SPECIFICATIONS 



IVDD - Vee = 1 2 V. f CL , , f CL2 = 1 28 kHz, V ln = dBmO. full scale = + 3dBm0, 7 V p-p) 



Characteristic 


25°C 


Unit 


Min 


Typ 


Max 


Gain 11020 Hzl 


17.4 


18 


18.6 


dB 


Passband Ripple (50 Hz to 3000 Hzl 




0.24 


1.0 


dB 


Out of Band Response 










3400 Hz 




-0.8 


-1.5 


dB 


4000 Hz-4600 Hz 


-10 


-15.5 






4600 Hz-64 kHz 


-25 


-33.0 






Output Noise 1 Aj n = VAGI refto900!l 




10 


17 


dBrncO 


Dynamic Range 


76 


83 




dB 


Differential Group Delay 
1150 to 2300 kHz Delay 








fS 


1000 to 2600 kHz Delay 








800 to 2700 kHz Delay 










Power Supply Rejection Ratio IV DD = 12 V +0.1 Vrms @ 1 kHzl 




36 




dB 








Crosstalk (A ln = VAG, B in = dBmO Output at A ou , at 3 kHzl 




76 




dB 












FILTER B SPECIFICATIONS (V D D - Vee = 1 2 V, f CL1 , f CL2 = 1 28 kHz . v in = dBmO, full scale = + 3dBmO, 7 V p-pl 






25 °C 


Unit 


Characteristic 


Min 


Typ 


Max 


Gam 11020 Hz) 


-0.7 


±0.15 


+ 0.7 


dB 


Passband Ripple (300 Hz io 3000 Hzl 




0.22 


1.0 


dB 


Response 
3400 Hz 




-0.8 


-1.7 


dB 


4000 Hz-4600 Hz 


-10 


-15.6 




4600 Hz-64 kHz 


-28 


-33.0 






Output Noise (300 Hz-3400 Hzl 




8 


14 


dBrncO 


Dynamic Range (7 V p-p Max) 


79 


87 




dB 


Differential Group Delay 










1150 to 2300 kHz Delay 








*s 


1000 to 2500 kHz Delay 








800 to 2700 kHz Delay 










Crosstalk (B in = VAG, A in = 0dBm0 @ 3 kHz Output at LPO <S> 3 kHz) 




76 




dB 


Power Supply Rejection Ratio 




36 




dB 
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SWITCHING CHARACTERISTICS Ivq D -vss = 10 V, T A = 25°C) 





Characteristics 




Symbol 


to 70 °C 


Units 






Min 


Typ 


Max 


Input Rise Time 
Input Fall Time 




Clock 1 , 2 


tTLH 
'THL 






4 


es 


Pulse Width 




Clock 1 , 2 


'WH 


200 






ns 


Clock Frequency 




Clock 1. 2 


<CL 


50 




400 


kHz 


Clock 1, 2 Duty Cycle 




40 




60 


% 



FUNCTIONAL DESCRIPTION OF PINS 



Pin 1 - Vag (Analog Ground) 

This pin should be held at approximately (Vdd-Vee>/2. All 
analog inputs and outputs are referenced to this pin. If this 

Pin 2 - +A 

Non-inverting input of op-amp A. 

Pin 3 A 

Inverting input of op-amp A. 

Pin 4 — AO 

Output of uncommitted op-amp A. 

Pin 5 - BO 

Output of uncommitted op-amp B. 

Pin 6 B 

Inverting input of op-amp B. 

Pin 7 - + B 

Non-inverting input of op-amp B. 

Pin 8 - V S s 

This is the most negative supply pin and digital ground for 
the package. 

Pin 9 - V|_s (Logic Shift Voltage) 

The voltage on this pin determines the logic compatibility 



for the Clock 1 , 2 inputs. If V|_s is within 0.8 V of Vss. the 
thresholds will be for CMOS operating between Vqd and 
Vss- If VLS is within 1.0 V of Vdd. the chip will power 
down. If V|_s is between Vqd~2 V and Vss + 2 V, the 
thresholds for logic inputs at Clock 1, 2 will be between 
VlS + 0.8 V and VLS + 2.0 V for TTL compatibility. 

Pin 10 - Clock 1 

Always tie clock 1 and clock 2 together. 

Pin 11 - Clock 2 

Always tie clock 1 and clock 2 together. 

Pin 12 - B out (Lowpass Filter B) 

This is the output of B lowpass filter. 

Pin 13 - Bi n (Lowpass Filter B) 

This is the input to filter B. 

Pin 14 - Aout (Low pass Filter A) 

This pin is the output to filter A. 

Pin 15 - Aj n (Lowpass Filter A) 

This is the input to filter A. 

Pin 16 - V DD 

Nominally 12 volts. 



NOTE: Both VAG and VLS are high-impedance inputs. 



FILTER DESCRIPTION 



FILTER A DESCRIPTION 

Filter A of the MC145414 is a 5-pole elliptic tuneable 
lowpass filter operating at a sampling rate determined by 
clock 1 and clock 2. This filter provides band limiting that is 
a direct function of clock 1 and clock 2. With a 128 kHz 
clock, the band limiting frequency is 3.6 kHz. By dividing the 
clock in half to 64 kHz, the band limiting frequency is cut in 
half to 1.8 kHz (as illustrated in Figure 1). Likewise by dou- 
bling the clock, the cutoff point will double (as illustrated in 
Figures 3 and 4). The clock frequency can be varied from 
50 kHz to 400 kHz. Filter A, unlike filter B, has a gain of 18 
db. Because the MC145414 is a switch capacitance filter, the 
sampled output signal will have switching noise present near 
multiples of the switching frequency; a single-pole RC filter 
may be required to reduce this. 

To provide 50/60 Hz and 15 Hz rejection, a 3-pole 
Chebychev highpass filter can be externally realized with the 
MC145414 by using the uncommitted op-amps as an active 
filter. This is shown in Figure 5 and 6. 



FILTER B DESCRIPTION 

Filter B in the MCI 4541 4 consists of a 5-pole elliptic 
tuneable lowpass filter operating at a sampled rate deter- 
mined by clock 1 and clock 2. Filter B is functionally similar 
to filter A, except filter B has unity gain. 

Clock 1 and 2 

Logic levels of these signals can be either TTL or CMOS 
compatible. Choice of logic level can be user determined by 
applying the appropriate voltage to the level shift control pin, 
VLS. Clock 1, 2 pins should be tied together. 



Power Down 

The MC145414 may be powered down by bringing VAG to 
within 1.7 V of Vcc or by bringing VLS to within 1.7 V of 
VDD 
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FIGURE 1 



FILTER A AND B LOWPASS CHARACTERISTICS 
WITH CLOCK 1 AND 2 AT 64 kHz 
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FILTER A AND B LOWPASS CHARACTERISTICS 
WITH CLOCK 1 AND 2 AT 128 kHz 
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FIGURE 3 - FILTER A AND B LOWPASS CHARACTERISTICS 
WITH CLOCK 1 AND 2 AT 256 kHz 
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FIGURE 4 - FILTER A AND B LOWPASS CHARACTERISTICS 
WITH CLOCK 1 AND 2 AT 400 kHz 
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FIGURE 5 - FILTER SCHEMATIC FOR MC145414 WITH 60 Hz REJECT FILTER 




NOTE: In noisy environment. R1-R4 should be 10 kl) or less to minimize pickup. 



C1.C2, C3 4700 pF ±1% 

C4 0.2 pF -20% +80% 

112 k(I %W 1% 

620 kD %W 1% 

223 kfl V.W 1% 

100 kll '/.W 10% 



AD0318 



FIGURE 6 - FILTER SCHEMATIC FOR MC145414 WITH 60 Hz REJECTION AND 900 OHM TERMINATION 



Z| n =90on 

V| n Max= +3 dBm 



C3 


13 


















\ 






A Low Pass 




VAG 
Zo Ut = 900Q 

V out Max= +3 dBm Rg 



CI. C2. C3 


4700 pF 


±1% 


R6 


169 kll %W 


1% 


C4 


0.2 M F 


-20% +80% 


R7 


24 kll W 


1% 


R1 


236 kfl % W 


1% 


R8 


33 kB %W 


1% 


R2 


294 kO »W 


1% 


R9 


18 kB %W 


10% 


R3 


223 kO % W 


1% 


R10 


900 8 %W 


1% 


R4 


100 kll '/.W 


10% 


R11 


9000 %W 


1% 


R5 


200 kO. V. W 


1% 









NOTE: In noisy environment. R1-R4 should be 10 kB Of less to minimize pickup. 



FIGURE 7 - DELTAMOD VOICE DIGITIZER USING MC3417 AND MC145414 
4+12 




Encode/ Decode 

Bit Rate Clock 
12 kHz to 32 kHz 
Digital Input 



R11 

AAA/-* Digital Output 



Analog 
Output 



NOTES: 

1. Aj n has a gain of 18 dB. Max Vj n before clipping is 1 Vp-p 

2. Clock must be full Vrjo to Vss swing. 

3. Digital I/O on MC3417/18 is TTL compatible. 



C1 


0.1 M F 


20% 


R6 


47 kO 


C2 


0.01 »iF 


20% 


R7 


5.1 k(] 


C3 


0.1 <iF 




R8 


10 kO 


C4 


0.33 p.f 




R9 


200 


C5 


0.1 |iF 




R10 


1 kO 


C6 


10 ^F 




R11 


4.7 kO 


R1 


9.6 ki) 


5% 


R12 


22 M 


R2 


400 k() 


5% 


R13 


2 kfl 


R3 


7.8 kO 


5% 


R14 


10 kfl 


R4 


15 kl) 


5% 


R15 


2kO 


R6 


8.2 kf! 


5% 
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Mechanical Data 





3-1 



Mechanical Data 



The package availability for each device is indicated on the front page of the individual 
data sheets. Dimensions for the packages are given in this chapter. 



8-PIN PACKAGE 



P SUFFIX 
PLASTIC PACKAGE 
CASE 626 



NOTE 4 




-D\ K-" 

^-SEATING PLANE 






MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


9.40 


10.16 


0.370 


0.400 


B 


6.10 


6.60 


0.240 


0.260 


C 


3.94 


4.45 


0.155 


0.175 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.27 


0.030 


0.050 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.62 BSC 


0.300 BSC 


M 




10° 




10° 


N 


0.51 


0.76 


0.020 


0.030 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 

t MATERIAL CONDITION. 

2. " DIM "L"T0 CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

3. PACKAGE CONTOUR 
OPTIONAL (ROUND OR 
SQUARE CORNERS) 
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MECHANICAL DATA (continued) 



14-PIN PACKAGES 




L SUFFIX 
CERAMIC PACKAGE 
CASE 632 



— IhU — Igf— ^seating k j 




NOTES: 

1 . LEADS WITHIN 0.13 mm (0.005) RADIUS OF 
TRUE POSITION AT SEATING PLANE AT MAX- 
IMUM MATERIAL CONDITION 

2. DIMENSION "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSIONS "A" AND "B" DO NOT IN- 
CLUDE GLASS RUN-OUT. 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


19.05 


19.94 


0.750 


0.785 


B 


6.10 


7.49 


0.240 


0.295 


C 




5.08 




0.200 


D 


0.38 


0.58 


0.015 


0.023 


F 


1.40 


1.77 


0.055 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


1.9 


2.29 


0.075 


0.090 


J 


0.20 


0.38 


0.008 


0.015 


I 


3.18 


5.08 


0.125 


0.200 


L 


7.62 BSC 


0.300 BSC 


M 




15° 




15° 


N 


0.51 


1.02 


0.020 


0.040 



P SUFFIX 
PLASTIC PACKAGE 
CASE 646 



14 8 

o 


f 


1 

'1 


V V V V V V v_ 

A 






J 1 ^ I || VsEATING 

IH| —IGF— — lF- D PLANE 




NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION "B" DOES NOT INCLUDE 
MOLD FLASH. 

4. ROUNDED CORNERS OPTIONAL. 






MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


18 16 


1956 


0.715 


0.770 


e 


6 10 


6 60 


0.240 


260 


c 


406 


5 08 


0.160 


0.200 


D 


038 


063 


0.015 


021 


F 


1.02 


1 78 


040 


0-070 


6 


2.64 BSC 


100 BSC 


H 


1 32 


2.41 


052 


0.095 


J 


0.20 


38 


0.008 


0015 


K 


2.92 


3.43 


116 


135 


L 


7.62 BSC 


0.300 BSC 


M 





10' 


0" 


10' 


N 


0.51 


1 02 


0.020 


040 
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MECHANICAL DATA (continued) 



16-PIN PACKAGES 

L SUFFIX 
CERAMIC PACKAGE 






MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


19.05 


19.94 


0.750 


0.785 


B 


6.10 


7.49 


0.240 


0.295 


C 




5.08 




0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.40 


1.78 


0.055 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


1.14 


0.020 


0.045 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


7.62 BSC 


0.300 BSC 


M 




15° 




15° 


N 


0.51 


1.02 


0.020 


0.040 



NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF 
TRUE POSITION AT SEATING PLANE AT MAX- 
IMUM MATERIAL CONDITION. 

2. PACKAGE INDEX: NOTCH IN LEAD NOTCH IN 
CERAMIC OR INK DOT. 

3. DIM. "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIM. "A" AND "B" DO NOT INCLUDE GLASS 
RUN-OUT. 

5. DIM "F" MAY NARROW TO 76 mm (0.030) 
WHERE THE LEAD ENTERS THE CERAMIC 
BODY. 
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MECHANICAL DATA (continued) 



16-PIN PACKAGES (continued) 




P SUFFIX 
PLASTIC PACKAGE 
CASE 648 



o 



uuuuuuu us 



TO 



ft 



\ K 

SEATING 
plane 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


18.80 


21.34 


0.740 


0.840 


B 


6 10 


6.60 


0.240 


260 


C 


4.06 


5.08 


0.160 


200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.78 


0.040 


0.070 


G 


2.54 BSC 


100 BSC 


H 


0.38 


2.41 


0.015 


095 


J 


0.20 


0.38 


0.008 


0015 


K 


2.92 


3.43 


0.115 


135 


L 


7.62 BSC 


0.300 BSC 


M 


0° 


10° 


0° 


10° 


N 


61 


102 


0020 


0.040 




LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
DIMENSION "L"TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

DIMENSION "B" DOES NOT 
INCLUDE MOLD FLASH 
"F" DIMENSION IS FOR FULL I 
LEADS. "HALF" LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1,8. 9, and 161. 1 
ROUNDED CORNERS OPTIONAL. 



_ NOTE 5 

rv^i n n n n n ri 



P SUFFIX 
PLASTIC PACKAGE 
CASE 648B 



"1 





SEATING PLANE 





MILLIMETERS 


INCHES 


NOTES: 


DIM 


MIN 


MAX 


MIN 


MAX 


1. LEADS WITHIN 0.13 mm (0.005) 


A 


18.80 


21.34 


0.740 


0.840 


RADIUS OF TRUE POSITION AT 


8 


6 10 


6.60 


0.240 


0.260 


SEATING PLANE AT MAXIMUM 


C 


4.06 


5.08 


0.160 


0.200 


MATERIAL CONDITION. 


D 


0.38 


0.53 


0.015 


0.021 


2. DIMENSION "L" TO CENTER OF 


F 


1.02 


1.78 


0.040 


0.070 


LEADS WHEN FORMED 


G 


2.54 BSC 


0.100 BSC 


PARALLEL. 


H 


0.38 


241 


0.015 


0.095 


3. DIMENSION "B" DOES NOT 


J 


0.20 


0.38 


0.008 


0.015 


INCLUDE MOLD FLASH. 


K 


2.92 


3.43 


0.115 


0.135 


4. ROUNDED CORNERS 


L 


7.62 BSC 


0.300 BSC 


OPTIONAL. 


M 


0° 


10° 


0° 


10° 


5. EXTERNAL LEAD CONNECTION. 


N 


051 


1.02 


L 0.020 


040 


BETWEEN 15 AND 16 AS SHOWN. 



MECHANICAL DATA (continued) 



18-PIN PACKAGES 




uuuuuuuuu 



P SUFFIX 
PLASTIC PACKAGE 
CASE 707 



JhfT' 

NOTES: 
t. 



POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010l AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

DIMENSION L TO CENTER DF LEADS 
WHEN FORMED PARALLEL. 
DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 

B^ 


L 22.22 


23.24 


0.875 


0915 


6.10 


6 60 


U 241) 


0.260 


C 
D 


3.56 


4.57 


D 140 


180 


36 


0.56 


0.014 


0.022 


F 


1 .27 


1 78 


050 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


1.02 


1 52 


0.040 


060 


J 


20 


030 


008 


0.012 


K 


2.92 


343 


0.115 


0.135 


L 


7.62 BSC 


300 BSC 


M 


0" 


15° 


0° 


15° 


N 


8.51 


1 02 


020 


0.040 




wwww? 

J 



L SUFFIX 
CERAMIC PACKAGE 
CASE 726 




H ~l 




-SEATING PLANE 




NOTES: 

1. LEADS TRUE POSITIONED WITHIN 25 mm 
(0.010) DIA. AT SEATING PLANE AT MAX- 
IMUM MATERIAL CONDITION. 

2. DIM. ",L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIM. "A" & "B" INCLUDES MENISCUS. 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


22.35 


23.11 


0.880 


0.910 


B 


6.10 


7.49 


0.240 


0.295 


G 




5.08 




0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.40 


1.78 


0.055 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


1.14 


0.020 


0.045 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.32 


0.125 


0.170 


L 


7.62 BSC 


0.300 BSC 


M 




15° 




15° 


N 


0.51 


1.02 


0.020 


0.040 
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MECHANICAL DATA (continued) 



20-PIN PACKAGES 



L SUFFIX 
CERAMIC PACKAGE 
CASE 732 



20 11 




liw V\J 

A 


B- 





NOTES: 

t, LEADS WITHIN 0.25 mm (0.010) 
DIA, TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIM A AND B INCLUDES 
MENISCUS. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


23.88 


25.15 


0.940 


0.990 


B 


6.60 


7 49 


0.260 


0.295 


C 


3.81 


5.08 


0.150 


0.200 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.40 


1.65 


0.055 


0.065 


G 


2.54 BSC 


0.100 BSC 


H 


51 


1.27 


0.020 


0.060 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


7.62 BSC 


0.300 BSC 


M 


00 


15° 


0° 


15° 


N 


0.25 


1.02 


0.010 


0.040 



o 



P SUFFIX 
PLASTIC PACKAGE 
CASE 738 





mm 



ij» 



NOTES: 



1. dimGaD IS DATUM. 

2. POSITIONAL TOL FOR LEADS. 

0.25(o:01O)(m)|t|a@1 

3. GJZ1 IS SEATING PLANE. 

4. DIM "B" D OES NOT INCLUDE MOLD FLASH. 

5. DIM n~l TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5. 1973. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


25.65 


27.18 


1.010 


1.070 


B 


6.10 


6.60 


0.240 


0.260 


C 


3.94 


4.57 


0.155 


0.180 


D 


38 


0.56 


0.015 


0.022 


F 


1.27 


1.78 


0.050 


0.070 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 1 0.38 


0.008 


0.015 


K 


2.79 1 3.56 


0.110 


0.140 


L 


7.62 BSC 


0.300 BSC 


M 


0" 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 
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22-PIN PACKAGES 



P SUFFIX 
PLASTIC PACKAGE 
CASE 708 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


26.80 


27.81 


1.055 


1.095 


B 


9.14 


9.91 


0.360 


0.390 


C 


3.81 


5.46 


0.150 


0.215 





0.38 


0.53 


0.015 


0.021 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


; 2? 


0.020 


0.050 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.32 


0.125 


0.170 


I 


9.91 


10.41 


0.390 


0.410 


M 




15° 




15° 


N 


0.25 


0.89 


0.010 


0.035 






MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


27.56 


28.32 


1.085 


1.115 


B 


8.64 


9 14 


0.340 


0.360 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.27 


1.78 


0.050 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


1.02 


1.52 


0.040 


0.060 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


10.16 BSC 


0.400 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 



POSITIONAL TOLERANCE OF LEADS ID), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION. IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 
DIMENSION B OOES NOT INCLUDE 
MOLD FLASH. 



NOTES: 

1. LEADS TRUE POSITIONED WITHIN 0.25 mm 
(0.010) DIA. AT SEATING PLANE AT MAX- 
IMUM MATERIAL CONDITION (DIM "D"). 

2. DIM. "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 



MECHANICAL DATA (continued) 



24-PIN PACKAGES 





13 


I 






B 






1 




13 


1 


U U U U L 


JUUUUUUU 

A - 






L SUFFIX 
CERAMIC PACKAGE 
CASE 623 



-SEATING PLANE 















MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


31.24 


32.77 


1.230 


1.290 


B 


12.70 


15.49 


0.500 


0.610 


C 


4.06 


5.59 


0.160 


0.220 


D 


0.41 


0.51 


0.016 


0.020 


F 


1 27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


51 


1.27 


0.020 


0.050 
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NOTES 

1. DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0 005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONBITION. 
(WHEN FORMED PARALLEL) 



P SUFFIX 
PLASTIC PACKAGE 
CASE 709 





-IU\ l " 

D * M ATI-Mi -*■' — M 



I 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


I MAX 


A 


31 37 


32 13 


1 235 


1 265 


B 


13 72 


14 22 " 


540 


660 


C 


3.94 


506 


155 


200 


D 


36 


56 


0014 


022 


F 


1 02 


152 


040 


060 


G 


2 54 


BSC 


100 


BSC 


H 


1 65 


2 03 1 0.065 


0080 


J 


20 


38 


008 


0.015" 


K 


292 


3.43 


"0.115 


135 


L 


162 


BSC 


60( 


BSC 


M 


0°- : 


-15° 


0°_i 


15° , 


N 


0. 51 | 


102 


020 


040 



NOTES 

1 POSITIONAL TOLERANCE OF LEADS ID). 
ShALL BE WITHIN 25 mm (0 0101 AT 
MAXIMUM MATERIAL C0N0ITI0N. IN 
RELATION TO SEATING PLANE AND 
EACH OTHER 

2 DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL 

3 DIMENSION B DOES NOT INCLUDE MOLD 
FLASH 
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MECHANICAL DATA (continued) 



28-PIN PACKAGES 



P SUFFIX 
PLASTIC PACKAGE 
CASE 710 



' — A 



mmmmK 

J ! L_\ 

F D V 




NOTES 

I 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37 21 


1 435 


1 465 


B 


13 72 


1422 


540 


560 


C 


3.94 


508 


0.155 


200 
022 





36 


056 


0.014 


F 


102 


1 52 


040 


060 


G 


2 54 BSC 


100 BSC 


H 


1.65 


2 16 


0065 


085 


J 


20 


38 


006 


015 


K 


2.92 


343 


0.115 


135 


I 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


051 


102 


020 


040 



POSITIONAL TOLERANCE OF LEADS 101. 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 
2 DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL 



L SUFFIX 
CERAMIC PACKAGE 
CASE 733 




1 


MILLIMETERS 


INCHES 


mm ■iihi i "Ttti 


A 


36.45 


37 85 


1.435 


1.490 


B 


12.70 


15.37 


0.500 


0.605 


C 


4.06 


5.84 


0.160 


0.230 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


5° 


15° 


5° 


15° 


N 


0.51 


1.27 


0.020 


0.050 



NOTfS 

1 OIM [JaJ IS DATUM 

2 POSITIONAL TOL FOR LEADS 

[jjjDilM ipi wrt Ya^i 

3 IS SEATING PLANE 

4 DIM A AND B INCLUDES MENISCUS 

5 OIM L TO CENTER OF LEADS 
WHEN FORMED PARALLEL 
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MECHANICAL DATA (continued) 



40-PIN PACKAGES 



P SUFFIX 
PLASTIC PACKAGE 
CASE 71 1 






DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51.B9 


52.45 


2.035 


2.065 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


36 


56 


0.014 


0.022 


f 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.38 


0.008 


0.016 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0" 


15° 


0" 


15° 


N 


0.51 


1.02 


0.020 


0.040 



POSITIONAL TOLERANCE OF LEADS (D). 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL C0N0ITI0N, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER 

DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL 
DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 



L SUFFIX 
CERAMIC PACKAGE 
CASE 734 





DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51.31 


53.24 


2.020 


2 096 


B 


12.70 


15 49 


0.500 


0.610 


C 


4 06 


5.84 


0.160 


0.230 


D 


0.38 


0.56 


0.015 


0022 


F 


1.27 


1 .65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15 24 BSC 


0.600 BSC 


M 


5" 


15° 


5° 


15° 


N 


051 


1.27 


0.020 


0.050 



NOTES: 

I. DIM A IS DATUM 

2 POSITIONAL TOLERANCE FO R LEADS: 
ltl8 0.25 (0.010 )©lT|A©| 

3 ED IS SEATING PLANE. 

4 DIM L TO CENTER OF LEAOS WHEN 
FORMED PARALLEL. 

5. DIMENSIONS A AND B INCLUDE 
MENISCUS 
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Handling Precautions 
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Handling Procedures for CMOS Devices 



Motorola CMOS devices have diode input protection against adverse electrical en- 
vironments such as electrostatic discharge. In regards to this, the following statement 
is included on each data sheet: 



This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vj n and 
V ou t be constrained to the range Vss < (Vj n or V ou t) < Vdd- Unused inputs 
must always be tied to an appropriate logic voltage level (e.g., either Vss or 



Unfortunately, severe electrical transient voltages can be generated during handling. 
For example, static voltages generated by a person walking across a common waxed 
floor have been measured in the 4 to 1 5 kV range (depending on humidity, surface con- 
ditions, etc.). These static voltages are potentially dangerous when discharged into a 
CMOS input, considering the energy stored in the capacity («• 300 pF) of the human 
body at these voltage levels. 

Present CMOS gate protection structures can generally protect against overvoltages. 
This is usually sufficient except in the severe cases. 

The input protection circuit, while adding some delay time, provides protection by 
clamping positive and negative potentials to Vdd ar| d Vss respectively. Figure 1 shows 
the internal circuitry for the diode-resistor protection. 

The input protection circuit consists of a series isolation resistor Rg, whose typical 
value is 1 .5 kQ, and diodes D1 and D2, which clamp the input voltages between the 
power supply pins Vdd and V SS- Diode D3 is a distributed structure resulting from the 
diffusion fabrication of Rg. 



FIGURE 1 - SCHEMATIC DIAGRAM, DIODE-RESISTOR INPUT PROTECTION 



In addition to the internal protection network, the following steps are recommended to 
further reduce damage to CMOS integrated circuits due to improper handling. 

1 . All CMOS devices should be stored or transported in materials that are antistatic. 
CMOS devices must not be inserted into conventional plastic "snow", styrofoam 
or plastic trays, but should be left in their original container until ready for use. 



vdd)- 



~1 9 v DO 




n f — t — r 

;j- -it it ] n^i 
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2. The shipping rails are antistatically treated inside and outside. They provide ade- 
quate protection during storage and test/assembly handling operations, but should 
not be re-cycled as continuous use will cause deterioration of the antistatic 
coating. 

3. All CMOS devices should be placed on a grounded bench surface and operators 
should ground themselves prior to handling devices, since a worker can be 
statically charged with respect to the bench surface. Wrist straps in contact with 
skin are strongly recommended. See Figure 2. 

4. Nylon or other static generating materials should not come in contact with CMOS 
circuits. 

5. If automatic handling is being used, high levels of static electricity may be 
generated by the movement of devices or boards. Avoid this by grounding suspect 
areas and/or by the use of ionized air blowers, and/or air humidifiers. 

6. Cold chambers using CO2 for cooling should be equipped with baffles, and devices 
must be contained on or in conductive material. 

7. When lead-straightening or hand-soldering is necessary, provide ground straps for 
the apparatus used and be sure that soldering ties are grounded. 

8. The following steps should be observed during wave solder operations. 

a. The solder pot and conductive conveyor system of the wave soldering machine 
must be grounded to an earth ground. 



FIGURE 2 - TYPICAL MANUFACTURING WORK STATION 



r: 



RESISTOR 
1 Megohm 




o 



-0 



NOTES: 1 1/16 inch conductive sheet stock covering bench top work area. 

2 Ground Strap. 

3 Wrist Strap in contact with skin. 

4 Static neutrali;er. Honied air blower directed at workl Primarily lor use ,n areas where 
d " eC ' 9r °" n '" n9 " " T ' Pr3C " <:3 ' 
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b. The loading and unloading work benches should have conductive tops which 
are grounded to an earth ground. 

c. Operators must comply with precautions previously explained. 

d. Completed assemblies should be placed in antistatic containers prior to being 
moved to subsequent stations. 

9. The following steps should be observed during board cleaning operation. 

a. Vapor degreasers and baskets must be grounded to an earth ground. Operators 
must likewise be grounded. 

b. Brush or spray cleaning should not be used. 

c. Assemblies should be placed into the vapor degreaser immediately upon 
removal from the antistatic container. 

d. Cleaned assemblies should be placed in antistatic container immediately after 
removal from the cleaning basket. 

e. High velocity air movement or application of solvents and coatings should be 
employed only when module circuits are grounded and a static eliminator is 
directed at the module. 

10. The use of static detection meters for line surveillance is highly recommended. 

11. All low impedance equipment (pulse generators, etc.) should be connected to 
CMOS inputs only after the CMOS is powered up. Similarly, this type of equipment 
should be disconnected before power is turned off. 

1 2. Equipment specifications should alert users to the presence of CMOS devices and 
require familiarization with this specification prior to performing any kind of 
maintenance or replacement of devices or modules. 



1 3. A circuit board containing CMOS devices is merely an extension of the device and 
the same handling precautions apply. Contacting edge connectors wired directly 
to CMOS device inputs can cause damage. Plastic wrapping should be avoided. 
When external connections to a PC board address only an input of a CMOS in- 
tegrated circuit, it is recommended that a resistance or 1 kQ or greater be used in 
series with the input. This resistor will limit accidental damage if the PC board is 
removed and brought into contact with static generating materials. 



14. Do not insert or remove CMOS devices from test sockets with power applied. 
Check all power supplies to be used for testing CMOS devices to be certain there 
are no voltage transients present. 

1 5. Double check test equipment setup for proper polarity of voltage before conduct- 
ing parametric or functional testing. 

1 6. Do not exceed the maximum electrical voltage ratings specified by the data sheet. 



1 7. All unused device inputs should be connected to Vqd or VSS- 

Another type of precaution involves the CERDIP package. Since this device employs a 
glass seal, a high stress on the leads can cause hermeticity failure which will eventually 
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result in aluminum corrosion on the die. To avoid this, the leads should never be flexed 
above the seating plane. All insertion tools or automated equipment should contact the 
lead at its narrowest dimension allowing it to bend without affecting the wide portion 
above the seating plane. 



FIGURE 3 - CERDIP INSERTION PRECAUTIONS 



GLASS 
SEAL 



CERDIP PACKAGE 



15 MIL 
MINIMUM WIDTH 



INSERTION 
TOOL 



55 MIL 

MINIMUM WIDTH 
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Reliability and 
Quality Assurance 
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Reliability and Quality Assurance 



Motorola has an active Quality Improvement Program with the objective of improving 
failure rates and permitting tighter AQLs. At the time of writing — 83Q2 — the follow- 
ing data was applicable. For current data, please contact your Motorola Sales Office or 
franchised Motorola distributor. 



OUTGOING QUALITY 

Functional/Parametric Combined 0.10% AQL Level II 
Visual/Mechanical Combined 0.15% AQL Level II 



FAILURE RATES 



TABLE 1 - FAILURE RATES FOR PLASTIC AND CERAMIC PACKAGES 



Package 


Failure Rate in %/1 000 hours at 




50°C 


70°C 


85°C 


Plastic 


0.0003 


0.0027 


0.0109 


Ceramic 


0.0001 


0.0006 


0.0025 



The Motorola Philosophy 



Our objective is to further improve our position as the quality leader in the supply of 
semiconductor products. 
Our strategies are: 

1 . Actively promote a quality conscious attitude and quality environment in all pro- 
cess, manufacturing and support operations. 

2. Actively promote quality improvement plans. 

3. Maintain and improve programmes for the continuous improvement of outgoing 
quality and reliability. 

4. Constantly measure and provide product reliability data. 

5. Support and develop the Motorola world-wide P. P.M. culture. 

6. Provide a fast responsive service for investigating customer related problems. 

7. Further improve good working relationships with customers' quality/engineering 
operations. 
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Reliability and Quality Assurance Activities 



In order to assure conformance to specifications, and to assure high levels of quality 
and reliability, there are R & QA activities in all parts of the production cycle. 



Design and 




Wafer 




Assembly 




Test 


► 


After 


pre-production 


► 


fabrication 


► 


► 




sales 



Supporting all these activities is our product analysis group and providing supplemen- 
tary support is our Hi-Rel operations group. 

1. PRE-PRODUCTION 



Quality Assurance starts before production commences. Within Motorola, all new pro- 
duction related activities and modifications thereto must be specified, qualified and ap- 
proved prior to implementation. The form of control is defined by the change, and dif- 
ferent controls are used for suppliers, raw materials, processes, equipments, designs 
and packages. Tables 2 and 3 list the qualification tests. Figure 1 shows two typical 
qualification and approval flows, one for a new circuit and one for a process change. 
Before approval is given, three consecutive lots must pass the tests. Once approved, 
the specification is signed off and production can commence. 



TABLE 2 - NEW PACKAGE QUALIFICATION TESTS 



Test 


Condition 


Duration 


Reference 


Electrical Endurance 


125°C, 5V or 15V 


1000 Hours 


BS9400 


Temperature, Humidity 
Bias 


85°C, 85% R.H. 
5V or 1 5V 


1 000 Hours 




Autoclave 


121 °C, 100% R.H. 
1 5 P.S.I.G. 


240 Hours 




High Temperature 

Storage 
Thermal Cycle 

(Air to Air) 


150°C 


1000 Hours 


BS9400 1 .2.6.3 


-65°C to 150°C 
5 Min Dwell 


1 000 Cycles 


BS9400 1.2.6.13 


Thermal Shock 
(Liquid to Liquid) 


-65°C to 150°C 
5 Min Dwell 


1 000 Cycles 


BS9400 1.2.6.19 


Shock & Vibration 


1 500G, 3 per axis 
20G, 1 502000Hz 
per axis 


0.5 mS 
2 Hours 


BS9400 1.2.6.6/1 1 
BS9400 1.2.6.8.1 


Hermeticity 


1.85, 10" 8 
STD CC/SEC 




MIL STD 883 
Method 014.1 


Visual Inspection 






BS9400 1.2.2.1 


Dimensions 






BS9400 1.2.3 


Marking 
Permanency 






BS9400 1.2.6.18 








Solderability 


230°C 


3 Sec 


BS9400 1.2.6.15.1 


Wire Bond Strength 
(Post Seal) 






MIL STD 883, 


1.5 Gram 




Method 201 1.1. C 



TABLE 3 - NEW PROCESS QUALIFICATION TESTS 



Tost 



Condition 



Duration 



Reference 



Electrical Endurance 
Temperature, Humidity 
Bias 

Autoclave 

High Temperature 

Storage 
Thermal Cycle 

(Air to Air) 
Thermal Shock 

(Liquid to Liquid) 

Shock & Vibration 

Data Retention Bake 
(Non Volatile 
Memories) 



125°C, 5V or 15V 
85°C, 85% R.H. 
5V or 1 5V 

1 21 °C, 100% R.H. 
15 P.S.I.G. 

1 50°C 

-65°C to 1 50°C 

5 Min Dwell 
-65°C to 1 50°C 

5 Min Dwell 
1 500G, 3 per axis 
1 502000Hz, 
20G, per axis 

200/250°C 



1000 Hours 
1000 Hours 
240 Hours 
1000 Hours 
1000 Cycles 
1000 Cycles 

0.5 mS 
2 Hours 

1000 Hours 



BS9400 



BS9400 1.2.6.3 

BS9400 1.2.6.13 

BS9400 1.2.6.19 

BS9400 1.2.6.6/1 1 
BS9400 1.2.6.8.1 











FIGURE 1 - QUALIFICATION AND APPROVAL FLOW FOR A NEW CIRCUIT 
AND A WAFER FABRICATION MODIFICATION 
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2. WAFER FABRICATION 



The Wafer fabrication process is a complex one, involving small geometries, physics, 
chemistry and ultra high levels of purity and cleanliness. Figure 2 depicts the process 
flow and highlights the major process steps. The quality assurance activities are de- 
signed to give process control at each major process step, and to perform real time 
evaluation of the process at intermediate points within the process. 
The process control activities are: 

1 . Incoming inspection of raw materials. 

2. Incoming inspection of masks. 

3. Capacitance Voltage Drifts on Tubes/Product/Evaporator. 

4. Oxide thickness/sheet resistance. 

5. Vapox Chemical Vapour Deposition (Doped/Undoped), thickness, % Phosphorous 
and Integrity. 

6. Gate oxide breakdown (Furnaces/Lomac). 

7. Source bubbler monitor. 

8. Gas bottle pressures. 

9. Implant evaluation. 



10. 



,6. 



Furnace temp, profiles. 
11. 4 Pt. Probe calibration check. 
1 2. Spin Drier. 

13. De-ionized water/bacteria monitor. 

14. Mask clean inspection. 

1 5. Photoresist equipment check, Resist thickness monitor, Pinhole check. 
Scanning Electron Microscope — Surface profiles, 

Junction depth. 
1 7. Final visual inspection. 

18. Shutter leakage, Metal thickness. Reflectivity, Sheet resistance and Monitors on 
evaporators. 

19. Fab environmental monitor — clean room and work stations. 

20. Perkin Elmer aligner checks. 

21 . Junction depth monitor. 

22. Oxidation induced stacking faults. 

23. Quartzware check. 

24. Monitor incoming acid quality. 

25. Mylar burn and gas spectrum check on implanter. 

26. Wafer analysis. 

27. Electrical probe monitor. 

These activities not only measure the characteristics of each lot, but also measure 
trends within the process from which extrapolations are made to give forewarning of 
potential problems. This feedback avoids reliability and quality problems and maintains 
optimum operation of the Wafer fabrication facility. 



5-5 



FIGURE 2 - CMOS WAFER FABRICATION (SIMPLIFIED) 
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3. ASSEMBLY 

Assembly is highly automated — which benefits reliability and quality. In addition to the 
1 00% screens, there are the following assembly quality activities: 

1 . Incoming inspection of raw materials. 

2. Scribe audit. 

3. Die high power visual inspection. 

4. Die bond inspection. 

5. Wire bond inspection. 

6. Pre-cap inspection. 

7. Hermeticity inspection. 

8. Plating inspection. 

9. Solderability. 

10. Terminal strength. 

1 1 . Dimensions monitor. 

1 2. Visual/mechanical inspection for flaws to body/leads. 
1 3. Calibration monitor. 
14. Moisture monitor. 

An integral part of the assembly operation is to give every device a coded marking 
which defines the assembly location, the Wafer fabrication lot and the assembly lot. 
Thus it is possible to trace the history of every device. 
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FIGURE 3 - TYPICAL INTEGRATED CIRCUITS ASSEMBLY & FINAL TEST 
FLOW CHART 
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4. TEST 

After 100% electrical test, there is a final inspection before the product is shipped to 
the warehouse. The inspection is 

Functional/parametric combined 0.10% AQL Level II* 
Visual/mechanical combined 0.15% AQL Level II* 

Electrical parameters include all parameters on the data sheet. Visual/mechanical in- 
cludes marking legibility, plating, dimensions, etc. We even include the orientation of 
the devices within the tube! 

We believe these are the best AQLs for standard CMOS product in the Semiconductor 
Industry, and our objective is to maintain this position. 

In addition. Motorola has a series of weekly audits as follows: 

1 . Finished goods. 

2. Marking/marking permanency. 

3. Hermeticity. 

4. Dimensions. 

5. Outgoing shipments. 

6. Specifications/procedures. 

7. Static protection. 

8. General housekeeping. 

9. Calibration. 

The combination of audits and lot inspection is designed to give maximum protection to 
our customers. Feedback from our customers shows that they find a reject rate of 
typically less than 200 PPM, i.e. 1 failure in every 5,000 parts supplied. At this low 
level, incoming inspection is not cost efficient and it is possible to reduce or eliminate 
incoming inspection. 

Of equal importance to incoming quality is product reliability. Motorola has a com- 
prehensive reliability program which assesses all aspects of product reliability. The pro- 
gram comprises the following periodic tests which are designed to provide mechanical, 
environmental and electrical stresses which will accelerate the life cycle into a short 
period: 

— Visual inspection. 

— Dimensions. 

— Marking permanency. 

— Resistance to cleaning fluids. 

— Solderability and plating. 

— Acceleration. 

— Wire bond. 

— Hermeticity. 

— Thermal shock. 

— Temperature cycling. 

— Mechanical shock and vibration. 

— Flammability. 

— High temperature storage. 

— High temperature electrical endurance. 

— Temperature/humidity/bias. 

— Pressure/temperature/humidity. 

* Correct as of 83Q2. 
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The most significant test is high temperature electrical endurance which is performed at 
1 25°C with the application of a 1 5V static bias in accordance with the truth table of 
the individual device. This test accelerates any inherent die related failure mechanisms. 

Electrical tests to Motorola Data Sheet specifications are used to measure the perfor- 
mance of the devices. The number of failures at the 1 ,008 hour readout (including both 
parametric downgrades and catastrophics) are extrapolated to a lower temperature to 
provide a failure rate at 85°C. The mathematical models employed to predict this are 
detailed in the appendix to this chapter. 

TABLE 4 - HIGH TEMPERATURE ELECTRICAL ENDURANCE RESULTS 
FOR PLASTIC PACKAGES (1982) 



No. of 
Batches 


No. of 
Devices 


No. of 
Device 
Hours 
at 125°C 


Equivalent 
Device 
Hours 
at 85°C 


No. of 
Failures 


Failure Rate 
% / 1,000 hours 

Temperature 

50°C 70°C 85°C 


35 


3,302 


3.33M 
(380 years) 


86.31M 
(9,850 years) 


8 


0.0003 


0.0027 


0.0109 



The failure rate at 85°C of 0.0109% / 1 ,000 hours (or a mean time between failures of 
1 ,047 years) is graphed in Figure 4 and compares favourably with our 1 981 standard 
of 0.030% / 1 ,000 hours. 

TABLE 5 - HIGH TEMPERATURE ELECTRICAL ENDURANCE RESULTS 
FOR CERAMIC PACKAGES (1982) 



No. of 
Hdicnes 


No. of 
Devices 


No. of 
Device 
Hours 
at 150°C 


Equivalent 
Device 
Hours 
at 85°C 


No. of 
Failures 


i 1 

Failure Rate 
% / 1 ,000 hours 

Temperature 

50°C 70°C 85°C 


25 


2,394 


2.41M 
(275 years) 


350. 15M 
(39,971 years) 


9 




0.0001 


0.0007 


0.003 















The failure rate at 85°C of 0.003% / 1 ,000 hours (or a mean time between failures of 
3,805 years) is graphed in Figure 4 and is impressingly low when compared with our 
1981 standard of 0.014% / 1,000 hours. 

The steady reduction of plastic and ceramic failure rates reflects Motorola's commit- 
ment to reliability and quality improvement. The improvements are such that many 
customers who previously purchased burnt-in components now achieve the same or 
better reliability using Motorola CMOS without burn-in. 

CERAMIC vs PLASTIC 

It is recommended that hermetic ceramic product be used in extreme high temperature 
or humidity environments. Plastic product will provide similarly excellent reliability for 
lower cost in more normal operating conditions. 

All plastic packaged devices are intrinsically non-hermetic as moisture can penetrate 
the lead frame/package seal interface or diffuse through the bulk of the plastic. If water 
reaches the surface of the chip and a bias is applied, an electrolytic cell is set up. Corro- 
sion of the aluminium tracks/bond pads can occur which can downgrade the device 
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parameters and lead to catastrophic (open metal) failures. This phenomenon is ac- 
celerated by the presence of contaminants and Motorola is careful to minimize this ef- 
fect by the use of quality grade materials/packaging and meticulous housekeeping. The 
tests which best monitor the environmental related performance of the plastic package 
are Temperature Humidity Bias, Autoclave, and Thermal Shock. 



TEMPERATURE HUMIDITY BIAS (T.H.B.) 



This environmental test is the most reliable method of highlighting any die/package in- 
compatibility. It is performed at 85°C, 85% Relative Humidity with the application of a 
static bias of 1 5V. The conditions of this test are far in excess of those ever expected to 
be experienced by the device in a normal operating environment. The results below are 
for 1 982. It should be noted that there are a number of die and package modifications 
pending which are expected to provide further significant improvements in the results. 



TABLE 6 - TEMPERATURE HUMIDITY BIAS RESULTS 
FOR PLASTIC PACKAGES (1982) 



No. of 
Batches 



No. of 
Devices 



% Total Cumulative failure (test hours) 



168 



336 



504 



774 



1,008 



37£ 



0.31 



0.31 



94 



% Cumulative Corrosion failures 



37 



8 



0.31 



0. 



.31 



0.31 



0.31 



0.63 



The small number of failures due to corrosion of the metallization is a result of the close- 
ly matched package components. The remaining rejects show the same failure modes 
as noted for electrical endurance. These results are an improvement on those recorded 
previously and verify that no new failure patterns have emerged in house or should be 
expected in the field. 



AUTOCLAVE 



The conditions of this test are 1 21 °C, 15 p.s.i.g. and 1 00% Relative Humidity. It is a 
moisture resistance test without bias and is used to evaluate the durability of the plastic 
package under extremely high temperature and humidity conditions. This test is used as 
an ongoing assembly process monitor and supplements the T.H.B. corrosion failure 
results. In view of the highly accelerated test environment and the fact that very small 
changes in these test conditions can have a dramatic effect on the end results, the data 
is included for information only. 



TABLE 7 - AUTOCLAVE RESULTS FOR PLASTIC PACKAGES (1982) 



No. of 
Batches 


No. of 
Devices 


% Cumulative failure (test hours) 




24 


48 


96 


148 


168 


4 


347 


0.00 


0.00 


0.00 


0.00 


0.58 
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The Autoclave results augment those recorded for T.H.B. performance and demon- 
strate the moisture resistant nature of the Motorola plastic encapsulated devices under 
extreme conditions. 

THERMAL SHOCK 

Thermal shock provides a quick and severe method of stress and is a liquid to liquid cy- 
cle between — 65°C to + 1 50°C with a dwell of five minutes at each temperature. 



TABLE 8 - THERMAL SHOCK RESULTS FOR PLASTIC PACKAGES (1982) 



No. of 
Batches 



No. of 
Devices 



% Cumulative failure (test cycles) 



200 



1,000 



- 



250 




0.00 



0.00 



The results verify the plastic mould compound, bond wires and lead frames have closely 
matched coefficients of expansion. This benefit reduces the potential of moisture in- 
gress (e.g. during the T.H.B. test) within the package ensuring a stable encapsulant for 
the die. 

There is one further important source of quality and reliability data— feedback from our 
customers! 



5. AFTER SALES 



CUSTOMER FEEDBACK ENSURES QUALITY IMPROVEMENT 

Customer feedback is obtained from incoming inspection and qualification results and 
from returned defective product. 

a) With certain customers who use large quantities of CMOS, Motorola has reached 
agreement on joint quality improvement programs. These programs are basically an 
exchange of information. Our customers provide feedback by device type on the 
quality and reliability of our product. Analysis of this feedback highlights problems 
not previously apparent, and corrective action is implemented. Both Motorola and all 
our customers have benefitted from these programs. The incoming quality level as 
reported by these customers is typically less than 200 PPM. 

b) Due to the high quality of our product, it is possible to analyse every return of defec- 
tive product. Approximately 40% of these are in fact non-defective and are the 
result of correlation problems. Some of the returns have been mishandled (see 
Chapter 4), the remainder are analysed to determine where action can be taken to 
improve the outgoing quality. 



6. PRODUCT ANALYSIS 

Product analysis is used at all stages of manufacturing — from pre-production to after 
sales— to determine failure mechanisms and how to avoid them. Various techniques are 
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used and our failure analysis laboratory is well equipped with a variety of equipment 
including scanning electron microscopes, X-ray analysers and micromanipulative 
probers. Figure 5 shows the flow used for finished product. 



7. HI-REL 

Motorola's Hi-Rel programs— for avionic, space and military applications — has indirect- 
ly provided a considerable contribution to our commercial products. The Hi-Rel pro- 
grams set the standards for the control of quality and the assessment of reliability, and 
at Motorola we use these standards for our commercial product as well as our Hi-Rel 
product. At the time of writing. Motorola has the following approvals for CMOS pro- 
duct: 

DEF STAN 05/31 - MOD Registration 1G9M01 

DEF STAN 05/21 - MOD Registration 1G9M01 

BSI App. No. 1085 M 

CECC App. No. M0070/CECC/UK 1085 M 



With design and manufacturing facilities in the U.S.A., Japan and Europe, Motorola's 
experience in CMOS is unsurpassed. In Europe alone. Motorola has shipped over 
500,000,000 CMOS devices. The levels of quality and reliability which we have 
achieved are extremely high. Through our quality improvement program, we will 
achieve even higher levels for the benefit of you, our customer. 



CONCLUSION 
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APPENDIX 

FAILURE RATE CALCULATIONS: 

Two mathematical models are employed to predict the failure rate. Firstly it is assumed 
that the failure rate distribution follows an exponential probability density function. 

F(X) = X EXP /-X t) 
where F(X) = probability density function 
X = failure rate 
t = time 



Since reliability evaluations usually involve random samples of a population, a point 
estimation for the failure rate is calculated using the Chi-squared distribution. 

X = x 2 (a, 2r + 2), a = (100 - CL) 
2nt 1 00 

where % 2 = tabulated value 

CL = confidence limit in percent 

r = number of rejects 

n = number of devices 

t = duration of the test 
A confidence limit of 60% is employed in the formula. 

The second model uses the Arrhenius Equation to relate the failure rate at test 
temperature to that expected at normal operating conditions. 

R(T) = Ro EXP (E a / kT) 

where R(T) = reaction rate at normal temperatures 

Ro = a constant 

E a = activation energy (1 eV) 

k = Boltzmann's constant 

T = junction temperature 

The use of junction temperatures rather than ambient (lifetest) temperature provides a 
more accurate failure rate. The junction temperature is computed using the equation 
below: 

T(J) = T(A) + (P x JA ) 
where T(J) = junction temperature (°C) 
T(A)= ambient temperature (°C) 
P = power (Watts) 

9jA = average junction to ambient thermal resistance (°C/W) 
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ons 



Data Books, Brochures and Selection Guides 



Additional information on CMOS products can be found in the following publications 
available at your nearest Motorola Sales Office or Distributor. 

DATA BOOKS 

B001 A/D and D/A Conversion Manual 

B002A CMOS Data Manual, Volume 1 , Standard Logic 

B002C CMOS Data Manual, Volume 3, High Speed CMOS 

B003A Home Electronics / Integrated Circuits 

B01 1 Memory Data Manual 

B025 The European Master Selection 

B039 Telecommunications Data Manual 

BROCHURES AND SELECTION GUIDES 

F045 Telecommunications, A System Approach 

F055 High Speed CMOS Function Selector Guide 

F060 Catalog of Technical Literature 

F062 CMOS Standard Logic Reliability Report 

F072 Macrocell Arrays and CAD 

F075 CMOS Function Selector Guide 

F077 High Speed CMOS Life Test 

APPLICATION NOTES 

A complete list of Application Notes can be found in the Catalog of Technical Literature 
(Reference F060). 

AN-471 Analog-to-Digital Conversion Techniques. 

The subject of A/D conversion and many of the techniques that can be used 
to accomplish it are discussed. The paper is written in general terms, from a 
system point of view, and is intended to assist the reader in determining 
which conversion technique is best suited for a given application. 

AN-535 Phase-Locked Loop Design Fundamentals. 

The fundamental design concepts for phase-locked loops implemented with 
integrated circuits are outlined. The necessary equations are given in conjuc- 
tion with a brief design example. 
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AN-716 Successive Approximation A/D Conversion. 



This Application Note concerns the successive approximation type of A/D 
Converter. The questions of why, how and where to use the successive ap- 
proximation technique are discussed along with the basic theory of opera- 
tion. 

AN-741 Interface Considerations for Numeric Display Systems. 

This note describes several methods of multiplexing multi-digit, seven- 
segment. LCD, LED, GAS discharge, incandescent and fluorescent displays. 
Interfaces and interface considerations are described in detail. 



AN-759 A CMOS Keyboard Data Entry System for BUS Oriented Memory Systems. 

This Application Note describes a keypad to binary data entry system for use 
with CMOS or NMOS memories, either in minicomputer/microprocessor ap- 
plication or as a part of any logic system containing random access memory. 
Manual data entry using a keyboard avoids the use of a binary format, offer- 
ing increased speed and accuracy of manual direct memory accessing. 



AN-769 Autoranging Digital Multimeter Using the MC14433 CMOS A/D Converter. 

This Application Note describes an autoranging DMM using the MC 14433. 
The multimeter includes AC and DC voltage ranges from 200mV to 200V, 
AC and DC current from 2mA to 2A full scale, and resistance ranges from 
2kQ to 2MQ full scale. 



AN-770 Data Acquisition Networks with NMOS and CMOS. 

This article describes an eight-channel data acquisition network using the 
MC 14433 A/D Converter and the MC6800 Microprocessor family. The A/D 
conversion technique is a modified dual ramp featuring auto-zero, auto- 
polarity, and high input impedance. Both hardware and MC6800 software 
are shown. 



AN-806 Operation of the MC 1 4469 

The MC 14469 is an addressable asynchronous receiver/transmitter that 
finds applications in control of remote devices, transfer of data to and from 
remote locations on a shared wire and as an interface from remote sensors to 
a central processor. 

AN-874 Macrocell Arrays: Concept-Features-CAD Interface. 

High technology array based products offer the advantages of custom cir- 
cuits, yet overcome the problems of high costs and long design cycles. Re- 
cent developments in array technology make use of Macrocell building 
blocks rather than primitive gates for easier design and higher performance. 
Additional developments in computer-aided-design customer interface 
systems simplify the job of developing array circuit options. This note ex- 
amines Motorola's Macrocell array concept with special emphasis on the 
CAD user interface. 



AN-889 An Easy-to-Use Development System for the Engineer Utilising a 
Microprocessor in a System Design. 



This application note describes such a system for the MC14500B industrial 
control unit. The system features keyboard Data/Address entry, 2 56 pro- 
gram steps, 7-segment readout and all CMOS construction, with flexibility 
for expansion and modification. 

HANDBOOKS 

HB-209 MC14500B Industrial Control Unit Handbook 

.Hsiao ni be- - « .• tni one eeoensinl 

Design and application manual for the MC14500B. Contains chapters on 
software, hardware and systems. 
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